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PEEFACE. 

An attempt has been made in the following pages 
to represent, in a concise manner, the fundamental 
principles of Bacteriology. As will be seen from 
the contents, the material has been so selected and 
arranged as to meet with the ordinary requirements 
of Indian students and practitioners. For obvious 
reasons the practical portion of the subject has been 
treated in the briefest possible manner. 

It may be necessary to add that in the preparation 
of this work the author has aimed, not so much to 
marshal facts as to point out principles and suggest 
problems. Thus, while the achievements of this 
science are fully acknowledged, its difficulties and 
limitations are also frankly recognised. This method 
of presenting a subject is not without its drawbacks, 
but has the great advantage of contributiiig to the 
development of that philosophical or scientific spirit 
which is at once the aim and object of true culture. 

I gladly take the opportunity of expressing my 
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PAET I. 



CHAPTEE I. 

THE THEORY OF SPONTANEOUS GENERATION. 

Thebb can be no doubt that the question of the origin of 
organic life must have exercised as much fascination in 
the earliest ages as it does to-day. The attention of poets 
and philosophers was naturally arrested by this question, 
and they believed that the living always arose from the 
non-living. 

The doctrine of spontaneous generation was an ac- 
cepted article of faith with the writers of the Middle 
Ages, until an Italian chemist improved upon this by 
giving a recipe for creating mice ! However, it was not 
till 1668 that Francesco Redi, by the simple device of 
covering a jar with wire-gauze, actually demonstrated that 
the maggots present in putrid meat did not arise de novo. 
In 1675 Leeuwenhoeck, **the father of microscopy," by 
the aid of a simple lens, discovered the presence of ex- 
tremely small organisms in putrescent fluids. Later, 
the development of the compound microscope showed 
microbes everywhere, and a veritable germ-mania pre- 
vailed. 

The question of the origin of these minute germs was 
thus once more brought to the front ; but no real advance 
was made till the middle of the eighteenth century, when 
an English divine, Needham, instead of relying on mere 
assertions, conceived the happy idea of putting the matter 

1* 
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to the test of an experiment. He boiled infusions for 
several minutes in flasks, which were then hermetically 
sealed, and found that organisms rapidly developed in 
the contents. He concluded, therefore, that the germs 
originated spontaneously in the lifeless constituents of 
the liquid. 

Needham's observations were combated by an Italian 
divine, Spallanzani, who claimed that in infusions en- 
closed in air-tight vessels, and boiled for a whole hour, 
no organisms appeared. 

But Needham objected that Spallanzani, by the ex- 
cessive heat which he employed, had so altered the air 
in the vessels, that it was no longer suitable for the 
development of life. To meet this objection, Schultz, in 
1836, only half filled the flasks with the infusions, into 
which the external air (passed through bulbs containing 
sulphuric acid) was sucked daily. On examining the con- 
tents after several months, no organisms were detected; 
but they soon appeared when the flask was opened, and 
exposed to the air. 

But objectors still urged that the treatment of the air, 
although not violent, had nevertheless altered its com- 
position. Schroder modified Schultz 's experiment by 
making the incoming air pass through cotton wool, in- 
stead of sulphuric acid. This treatment could not be 
called " violent," and yet the air completely lost the power 
of decomposition. These experiments certainly suggested 
that there was something in the air, capable of giving rise 
to organised beings. 
. Now, what is the nature of this something ? 

Before answering this question, it will be as well to 
pause at this stage, and to interpret some of the results 
thus far achieved. Perhaps the most instructive feature 
of this controversy is .the progressive limitation of cases 
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of spontaneous generation. Beginning with the higher 
animals, it became more and more limited till mice and 
flies were gradually excluded. It is obvious that the 
cause of decomposition is not a gas, for that would not be 
excluded by filtration through cotton wool, but is some- 
thing discontinuous, something particulate. Further, as 
these particles are destroyed by heat and sulphuric acid, 
they are probably of organic origin. 

The doctrine of spontaneous generation was thus 
apparently lost, but the results obtained by the ex- 
perimenters were by no. means uniform, and, in many 
instances, previously boiled liquid underwent decom- 
position. In 1868 Pouchet appeared as an advocate of 
this theory, contending that organic molecules can be 
derived from previously living molecules. His well- 
conducted experiments and his zeal brought him many 
adherents, and spontaneous generation was once more in 
high favour. 

Things were at this pass, when Pasteur undertook the 
study of this subject and, by a series of classical re- 
searches, demonstrated that it is possible to preserve any 
organic substance provided the heating be sufficiently 
prolonged and the external air be carefully excluded. 
He showed further that the atmospheric dust is the ex- 
clusive cause of life in organic infusions, and demonstrated 
this by an ingenious experiment. He boiled the liquid in 
a flask, the neck of which was drawn out in the form of 
an " S," and then left it for some time. The fluid did 
not decompose, although it was in contact with the ex- 
ternal air, because the dust was arrested in the bend of 
the tube. But if the vessel were violently shaken, the 
dust was dislodged and, entering the fluid, rapidly brought 
about its decomposition. "And therefore," exclaimed 
Pasteur in the course of his memorable address, " I 
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could point to that liquid and say to you, I have taken 
my drop from the immensity of creation, and I have taken 
it full of the elements appropriated to the development 
of inferior beings. And I wait, I watch, I question it, 
begging it to recommence for me the beautiful spectacle 
of the first creation. But it is dumb, dumb smoe these 
experiments were begun several years ago; it is dumb 
because I have kept it from the only thing man cannot 
produce, from the germs which float in the air, from life, 
for life is a germ and a germ is life. Never will the 
doctrine of spontaneous generation recover from the 
mortal blow of this simple experiment." 

Pasteur, however, was somewhat premature in his con- 
clusion, as decomposition still occurred even with careful 
precautions. This was found to be due to the presence 
of " spores " or seeds, and, with the discovery of these 
resistant forms, the doctrine of spontaneous generation 
received its final death-blow. Omne vivum e vivo was 
thus shown to be true not only with regard to the 
higher beings, but of the lowest unicellular organisms 
as well. 

This leads us naturally to the question: Whence 
came the ultimate and primary creature ? How did life 
originate on our globe? The hypothesis of Lord Kelvin, 
that Hfe was brought to the earth by shooting meteors 
from other planets, evades the question and only throws 
it one step further back. It would then be asked : How 
did life originate on these heavenly bodies ? If not the 
result of a miracle, it must have been due to spon- 
taneous generation. As a matter of fact, we have in the 
** nitrifying " (see p. 38) and other allied bacteria, some 
of the representatives of the earliest forms of hfe, which 
are ceaselessly at work in producing the Uving from the 
non-living materials. Evidently these organisms must 
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have played an all-important r6le in the evolution of life 
on our globe. 

Strictly speaking, the experiments cited above merely 
show that spontaneous generation has not been proved 
experimentally. But it does not follow therefrom that 
spontaneous generation is impossible. Although the 
actual production of the living from the non-living 
substances cannot be imitated in the laboratory, yet 
there are certain considerations which show thai such 
changes can take place. Scholl has demonstrated that 
ferments, which may be said to occupy an intermediate 
position between the lifeless proteids and the hving 
cells, may be rendered less active by heat and rejuven- 
ated by suitable treatment. Prof. Bose of Calcutta has 
recently shown that metals respond to electric and other 
stimuli much in the same way as the nerves of animals 
do. These results indirectly support the theory of spon- 
taneous generation, for they tend to obhterate the line 
of demarcation between the organic and the inorganic, 
the living and the non-living. 

This recognition of the hypothesis of spontaneous 
generation can do no harm. It is in complete harmony 
with the law of origin from ancestors, which, as we have 
already seen, is capable of universal apphoation. And, 
although the experimental proof be wanting, the possibility 
of spontaneous generation must be frankly admitted, if 
bacteriology is to take its rank among the exact sciences. 



CHAPTER II. 

FERMENTATION.. 

Observations on the phenomena of fermentation are of 
great antiquity, and were first made by those who pre- 
pared the juices of sugary plants, e,g,, that of the grape. 
The agitation which the entire mass undergoes, and the 
continued production of gaseous bubbles which break on 
the surface, must have recalled to them the ebullition of 
liquids exposed to heat. It is to this striking analogy to 
the process of boiling that the word " fermentation " owes 
its derivation {fervere = to boil). The worship of Bacchus 
testifies to the fact that the ancients were acquainted 
with the properties of wine, and there is ample evidence 
to conclude that alcoholic fermentation was empirically 
known in the prehistoric epoch. 

In the writings of alchemists in the Middle Ages the 
word ** fermentation " is frequently used ; but its applica- 
tion was too vague and comprehensive. Being unac- 
quainted with elementary chemistry, every chemical 
action was to them a sort of fermentation. Some were, 
no doubt, struck with the fact that a small amount of 
leaven transforms into fresh leaven an enormous quantity 
of dough. The knowledge of this property of the trans- 
mission of a force to a large mass, without the original 
force being itself weakened in the process, naturally led 
them to seek for the " philosopher's stone ". 

Nothing of any consequence, however, was accompUshed 

8 
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till the end of the eighteenth century, when chemistry 
made a great stride under the genius of Lavoisier. Start- 
ing with the principle of the indestructibility of matter, he 
endeavoured to ascertain the chemical process involved in 
alcoholic fermentation. 

In 1837 Schwann discovered the remarkable fact that 
fermentation is not a mere chemical molecular transfor- 
mation, but a physiological process of the living yeast 
cells. The dependence of fermentation on living yeasts 
is shown by the facts that living cells are present in all 
fermenting fluids, and that fermentable substances do not 
ferment when the entrance of living yeast cells is prevented 
by heat or filtration through cotton wool. And further, 
the intensity of fermentation runs parallel with the develop- 
ment of the organisms in the fermenting fluid. 

Liebig considered all fermentations as molecular move- 
ments, which a body in a state of chemical movement, 
i,e,, decomposition, transmits to other substances whose 
elements are not very firmly combined. He denied the 
all-important role of living organisms. 

Pasteur overthrew this theory by a series of ingenious 
researches, and thereby laid the foundation of fermentation 
physiology. He, however, thought that fermentation was 
** life without air". But this is incorrect, as many fer- 
mentations occur in abundance of oxygen. 

Admitting, then, that living cells are the cause of fer- 
mentation, let us proceed to inquire as to how this action 
is brought about. 

According to one explanation, fermentation is due to 
the action of certain ferments or enzymes^ which the 
organisms secrete, in common with other animal and 
vegetable cells. Buchner, by subjecting yeast cells to 
high pressure, has obtained a liquid substance which, 
without the intervention of living cells, is capable of 
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inducing alcoholic fermentation. But it is not certain that 
this pressure-extract is really an enzyme. Macfadyen, 
in repeating Buchner's experiment, found that the sub- 
stance of crushed yeasts, of itself, contains alcohol, which 
shows that the actual fermentative changes take place 
in the interior of the cells. Besides, the numerous by- 
products formed in the fermentation process cannot be 
due to the action of enzymes, but rather to the metabolic 
activity of the cell-protoplasm. 

The ammoniacal fermentation of urea, however, is 
imdoubtedly due to an enzyme, which has recently been 
isolated from its organism — the micrococcus urea. But 
in this case, the process is one of simple hydrolysis, and 
no by-products are formed. 

It is not suggested that enzymes do not play an 
important part in all fermentative processes. But their 
function is largely limited to the preparatory changes 
which they induce in the nutrient medium, rendering it 
more assimilable by the Uving protoplasm. Thus, the 
inversion of sugars and peptonisation of albumens is the 
result of the enzymes secreted by the organisms. But 
the actual fermentative changes are brought about in the 
protoplasm itself, and are the direct result of its metabolic 
activity. 

We see, then, that the process of fermentation is inti- 
mately connected with the presence of the living organisms 
which consume the elements necessary for their growth, 
and cast off the residue as excretory products. The 
result is the degradation of the complex organic com- 
pounds and their rearrangement into simpler ones. 

All organisms capable of exciting fermentation possess 
certain characteristics in common. Pasteur long ago 
ascertained that all organised ferments are : — 

(1) Nitrogenous organic bodies. 



FERMENTATION 11 

(2) They are unstable. 

(3) A relatively small quantity can produce great 
changes in the substance acted upon, especially if the 
metabohc products are removed as quickly as they are 
formed. 

To these points must be added the specificity of fer- 
ments, that is to say, each ferment produces its particular 
fermentation and no other. Thus if we introduce simul- 
taneously in the same saccharine medium, alcoholic, lactic, 
and butyric ferments, we see three distinct reactions side 
by side — one breaks up the sugar into alcohol and COg ; 
the second converts it into lactic acid ; and the third into 
butyric acid. 

Apart from the nature of the organism, the products of 
fermentation will vary with the nature of the fermented 
body. Heat and moisture are necessary conditions for 
the fermentation process, but neither of them can give 
rise to it. 



CHAPTER III. 

FERMENTATION {CONTINUED). 

The process of fermentation is so important both from a 
scientific and a commercial standpoint that it is desirable 
to give soma instances of its applications in industrial 
processes. It will then be seen how numerous are the 
products formed by bacterial agency, and how largely 
mankind is indebted to such organisms. 

Alcoholic Fermentation. — When grapes are crushed the 
grape sugar is fermented— alcohol and COg being formed. 

To what is this change due ? 

It is caused by a torula or yeast naturally present on 
the skin of the grapes. The latter when crushed permit 
the organisms to operate on the juice, which disappears, 
or rather reappears as alcohol. 

C^H^A = 2C2H«0 + 2C0,. 

4 i^ Yeast cells are the most ubiquitous 

jm of all fungi. They are round or oval 

* ^ in form, and are made up of granular 

f protoplasm, surrounded by a definite 

Groups of Mother- capsule. They reproduce by " bud- 
bud cell T. ,, 
Fig. 1.— Yeast Cells. ^^^^ • 

[From Schenk's When yeast cells are grown on 

Bacteriology.] ^^^ unfavourable medium, as gypsum 

block, they form spores within their capsule. This fact 

was taken advantage of by Hansen for the identification 

12 
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of numerous varieties of yeasts ; and he also pointed 
out that there were special organisms for special beers. 
By using pure yeasts a scientific accuracy is obtained, 
and nothing is left to chance. The results of Hansen's 
researches have completely revolutionised the brewing 
industry, and pure growths of yeast are now sent out 
from his laboratory to all parts of the world, different 
yeasts being employed for different beers. 

It will be noticed that alcoholic fermentation is caused 
by yeast and not by bacteria proper. But although the 
latter are not so directly concerned, they are important in 
so far as they cause diseases of beers and wines. 

Acetotts Fermentation, — If we take some beer or weak 
solution of wine, and allow it to stand for a time in contact 
with air, it gradually turns sour owing to the conversion 
of alcohol into acetic acid. The change is essentially an 
oxidation of alcohol. 

CgHeO + 02 = C2H4O2 + H2O. 

This oxidation can also be brought about by purely 
chemical means. Thus if alcohol be passed over spongy 
platinum, acetic acid results as before. But this method 
is impracticable on a large scale. 

To produce acetic acid for commercial purposes, weak- 
ened alcohol is poured through a tall cylinder filled with 
wood shavings, the latter having been first inoculated with 
some warm vinegar. After a number of hours the result- 
ing fluid is charged with acetic acid. 

It has been stated that the process is. a purely chemical 
one, and that it takes place without the intervention of 
bacteria. But this can hardly be so in this method, for 
the addition of vinegar is really the addition of living 
microbes — the mycoderma aceti. These grow upon the 
shavings, and oxidise the .alcohol into acetic acid. 
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The organisms concerned in the process are of various 
species. They usually form chains of short or long 
threads, and each appears to act best under different 
conditions. 

Lactic Acid Fermentation, — It is this fermentation 
which is commonly seen to occur in fresh milk, and any 
sample of sour milk may be relied upon to contain an 
abundance of lactic acid organisms. They curdle milk 
and produce lactic acid from milk sugar. 

CeHi20e = 2C3H,03. 

Fresh milk possesses a rich bacterial flora, but lactic 
bacteria find conditions in milk so favourable to growth, 
and they so completely outstrip the other organisms, that 
at the end of twenty-four hours they outnumber and even 
check the growth of all other forms. They are abundant 
in the atmosphere of cowsheds and dairies, and are, 
therefore, a considerable source of annoyance both to the 
salesman and the consumer. Fortxmately lactic organisms 
never form spores, and thus can easily be destroyed by 
a moderate heat. 

Lactic fermentation plays an important part in the 
preparation of fodder, in the manufacture of butter, and 
in the tanning of leather. The souring of wines and 
beers is likewise due to the activity of the lactic bacteria. 

Butyric Fermentation is important historically, having 
been first studied by Pasteur, and having led to the 
discovery of the anaBrobes. It is caused by the Ba^illtbs 
butyricus and the Bacilltis amylobacter — ^two organisms 
possessing this characteristic, viz,y that they can only 
grow in the absence of oxygen. They occur plentifully 
in air, dust, and milk, and are also commonly met with 
in putrefactive processes. 

In ordinary milk they are prevented from growing by 
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the lactic acid bacteria and the presence of air. But if 
milk be boiled they are uninjured (owing to spore forma- 
tion) and produce butyric fermentation, especially if milk 
be left without access of air. They find their way into 
butter, and are the chief cause of the development of 
rancidity. 

Indigo Fermentation, — Indigo is obtained from certain 
species of the LeguminossB. The colouring matter does 
not exist ready formed in the plant, but is developed 
therefrom by the fermentation of a glucoside constituent, 
known as indican. The plants are cut down shortly 
before flowering time, immersed in water, and then 
allowed to ferment. The indican is first changed into 
indigo-white which remains in solution, but this is soon 
oxidised into indigo- blue and precipitated as an insoluble 
body. 

Of the intimate nature of this process, we are as yet 
unaware. But there can be no doubt that it is a true 
fermentation induced by a special bacterium, which occurs 
on the leaves. When the leaves are sterilised, no fer- 
mentation follows, but the characteristic blue is at once 
seen if the specific organisms be added to the mass. 

Commercial indigo contains, in addition to the blue, 
red, brown and other colouring matters in different 
proportions, so that the shade of colour is variable in 
different samples of indigo. To control this fermentation 
and thereby to produce at will any desired variety of 
pigment, is a problem well worth the study of modern 
bacteriologists. 

Tobacco Fermentation. — Tobacco leaves after being dried 
are piled up in big heaps where they undergo a kind of 
fermentation. Within a short time the temperature rises, 
and when it reaches 130° F. the piles are taken down and 
rearranged. This is repeated six or seven times, and, at the 
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end, the tobacco is in a proper condition for the market. 
The. changes produced in the process are a decrease in 
nicotine, disappearance of sugar, and the production of 
flavour. 

It cannot be claimed that all these changes are due to 
bacterial activity, as physico-chemical processes must also 
play an important part. But as various flavours are de- 
veloped during the fermentation process, it is very probable 
that they are due to the different types of fermentation 
which the tobacco undergoes. 

Now, if the flavours are due to bacterial agency, it 
should be possible to modify them by altering the fermen- 
tative process. Experiments have recently been made 
with cultures of bacteria found in Havanna tobaccos, in 
artificially inoculating tobaccos grown elsewhere, in order 
to develop desired flavours ; and the results are certainly 
encouraging. 

Summary. — The foregoing illustrations sufl&oe to in- 
dicate the usefulness of bacterial agency. . It is obvious 
that without their beneficent aid we could have neither 
** bread and butter " nor ** wine and cigar ". 

But it must not be supposed that bacteria invariably 
produce these desirable fermentations. On the other 
hand, they are frequently the cause of great trouble. 
Undesirable bacteria often gain access during the fer- 
mentation process, produce unpleasant flavours, and 
greatly lower the value of the product. This is con- 
stantly seen in the various industrial processes cited 
above. 

The problem, then, is : How to control the fermentative 
process so that it may be possible to produce the desired 
product at will? An answer to this question has been 
partially furnished by Hansen, whose method of pure 
cultures Qi yeasts ba9 already revolutionised the brewing 
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industry. The brewer now enjoys complete command 
over the process, there is less risk of '* diseases/' and more 
profit. The results in dairies are no less striking. Conn 
has recently isolated a bacillus, pure cultures of which 
give the desired flavour to butter. It is not improbable 
that the use of pure cultures in tobacco and indigo fer- 
mentations will lead to better results in the future. 

The principle that in order to obtain certain desired 
species of plants its seeds should be sown free from the 
seeds of all other plants is well known to the students of 
horticulture ; and the use of pure cultures in fermentative 
industries is but a further application of this principle. 
Pure cultures, however, cannot alter the chemical com- 
position of the substance, for this depends on soil and 
cUmatic conditions. But even with this limitation they 
have an immense range of usefulness in the scientific 
working of fermentative industries. 



CHAPTEE IV. 

THE MORPHOLOGY OF BACTERIA. 

Baotebia are the smallest and simplest of living creatures, 
and can only be seen with the aid of high magnification 
by the microscope. They are the lowest members of the 
vegetable kingdom, and differ from unicellular animal 
organisms in the fact that, unlike the latter, they are 
nourished through the cell wall by substances held in 
solution. They are also peculiar in their mode of growth, 
and in forming spores (or seeds). Their relation to the 
vegetable kingdom can be easily seen from the following 
table :— 

Thallophytes (no distinction between roots and stem) 



Algse Lichens Fungi (chlorophyll absent) 

* Moulds Yeasts Bacteria 



Higher forms Lower forms 

(grow in filaments and may have special elements or 

of reproduction), e,g,, sulphur and iron- bacteria proper 

containing barcteria, streptothrix 
actinomyces, etc. 

A study of the above table enables us to formulate 
a definition of bacteria, which would be : minute vmcellular 
organisms multiplying by transverse fission, and containmg 
no chlorophyll, 

18 
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In structure they resemble an ordinary cell with its 
protoplasm and a limiting membrane, bat no nucleus has 
been demonstrated. The protoplasm consists of a struc- 
tureless albuminous substance, which in its reaction to 
aniline dyes resembles the nuclei of ordinary cells. The 
living substance may be broken up by vacuoles ; or it may 
contain iron, sulphur and various pigments. 

The cell-membrane is composed of a substance allied to 
cellulose. It sometimes swells and gives rise to a gelatinous 
envelope, which cements together adjacent baciUi. A 
colony (zooglaa) is thus formed; but each cell remains 
distinct, and there is no attempt at a division of labour. 

In form the bacteria are usually either spheres, rods or 
spirals ; although atypical forms are not uncommon. In 
old cultures they readily undergo degeneration or ** in- 
volution,*' and various irregular and distorted forms are 
produced. 

When the bacterial cell is in the form of a sphere it is 
called a coccus or micrococcus. On the other hand, when 
the cell is not iso-diametrical, but exhibits a difference 
between length and breadth, it is a bacillus. If the rod 
is bent like a German comma it is called a vibrio. When 
the rod is longer and spirally twisted we get a spirillum ; 
while numerous turns like those of a corkscrew give rise 
to a spirochoste. 

The mode of reprodtLction is very characteristic. The 
cell elongates and then divides in the middle into two 
halves, each of which repeats the pipcess. It is to be 
noted that these organisms are not generated, neither 
do they die. They merely divide. The protoplasm of 
the parent still exists in the daughter cells, and, barring 
accidents, is immortal. 

If the daughter cells, instead of being detached, remain 
connected with one another, they give rise to character- 

2* 
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istic groupings. Thus, the oocoi may be arranged in pairs 
(diplococci); or in dusters like a bunch of grapes (star 
phylococci); or in the form of a chain (streptococci). 
If the division in the case of cocci takes place in two 
directions we get tetrads; and if in three directions we 
have sarcificB, a common content of diseased stomach. 

Among bacilli^ owing to the relation between the trans- 
verse and longitudinal diameters, there is room for a 
wider range of morphological characters. Thus they 
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Spi 



Diplococci Tetracocci Bacilli Spirilla Vibrios choetse 



n^ 




I i I 




Sarcina Staphylococci Streptococci Ciliated cells Cocci with Spores 
(packet-cocci) capsules 

Fig. 2.— The Morphology of Bftcterift. 

[From Schenk's Bacteriology,] 

differ not only in size and mode of grouping, but also 
in form. 

The bacteria are so minute in size that a special standard 
of measurement has to be employed. This is the micro- 
millimetre, or y:^o o^ ^ millimetre, and is represented by 



the Greek letter fi. It is equivalent to 



of an inch. 



25,000 

Bacteria may vary in size from 0*3 fitodOfi, An aver- 
age-sized coccus would not be more than 1 /u, in diameter ; 
so that 25,000 of such individuals placed in a row would 
make a chain one inch long. Even the comparatively large- 
sized anthrax bacillus is only 3 to 10 /ui long and ltoX'2 fi 
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broad, so that its volame would have to be increased eight 
million times before it attained to the bulk of an ordinary 
cigarette. 

Being devoid of chlorophyll, micro-organisms can only 
feed on organic matter, which is presented to them in a 
state in which it can be readily absorbed. The sources of 
food being, however, plentiful, the rate of their multipli- 
cation is simply enormous. Under favourable circum- 
stances bacteria have been observed to divide in about 
half an hour, and it is calculated that in one day a single 
cholera germ would produce a progeny of sixteen hundred 
trillion. In nature, however, it is hardly likely that so great 
an increase ever takes place. Lack of food and improper 
physical conditions very often bring about a rapid diminu- 
tion in their number. 

Spore Formation. — Under the influence of conditions, 
some of which favour and others retard their growth, 
bacilli enter into a resting stage, and assume a shape 
endowed with great powers of resistance. The protoplasm 
shrinks from the cell membrane, and gathers into one or 
more rounded masses or spores. Each spore, when ripe> 
appears as a brilliant body surrounded by a highly re- 
sistant spore wall. The capsule finally bursts, and the 
spherical body is set free. 

Like the seeds of higher plants, spores resist desiccation 
and heat, and may retain their vitality for months or years. 
They successfully resist a temperature of 100° C. for a 
short time ; whereas ordinary bacteria succumb to a tem- 
perature of 60° C. They may be said to be the hardiest 
form of living substance known. 

When the conditions are again favourable for germina- 
tion the membrane bursts, and the contents grow out as a 
bacillus. 

Pathogenic organisms do not form spores so long as 
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they are enclosed within the body ; but they may do so 
in their saprophytic or external phase of existence. The 
question whether a certain organism forms spores is an 
important one from the hygienic standpoint, for it gives 
us a measure of the resistance of the organism, and there- 
fore of the risk of infection. Non-sporing organisms are 
easily destroyed, and their infection readily controlled. 

Sporulation must not be confused with reproduction. 
The former is a guise for the preservation of the species ; 
the latter is concerned with its propagation. A spore 
gives rise to a single individual ; but an organism divides 
into two. 

Locomotion, — Bacteria, like all soUd particles when 
suspended in fluids, exhibit the so-called Brownian move- 
ments, which consist of oscillations, without any actual 
movement of translation. This phenomenon is not to be 
confused with the true locomotion seen in the case of 
many bacilli or vibriones. Thus if a young culture of a 
motile organism {e.g,, the cholera germ) be examined 
under the microscope in a so-called *^ hanging-drop " 
preparation,^ the organisms are seen to be dancing and 
shooting across the field with an amazing rapidity. 

The organs of locomotion are slender whip-like append- 
ages called cilia or flagellay which, like oars, propel bacteria 
through water. The disposition of flagella is characteristic. 
There may be numerous processes distributed over the 
whole surface (a^ in the typhoid bacillus) ; or there may 
be only one or two at the poles (as in the cholera 
vibrio) ; or there may be numerous polar flagella (as in 
the spirillum ruhrum). 

Variability of Bacteria. — Micro-organisms, like all the 
lower members of animal and vegetable kingdoms, dis- 

1 See p. 181. 
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play considerable variations in their characters. Indeed, 
at one time, it was maintained that there was no con- 
stancy among bacteria, and that the same species might 
exhibit diverse forms and properties. Therefore it was 
argued that there were no different species among them. 

That micro-organisms should be so excessively poly- 
morphic could hardly be a matter of surprise, considering 
how profoundly they are influenced by environment. If 
the conditions of existence fluctuate- — as must frequently 
be the case in nature — one of two things may happen. 
Either the organisms change their form and function and 
adjust themselves to the new conditions, or they may fail 
to adapt themselves, and so perish. In the first case, the 
modifications of biological characters may persist through 
numerous generations, and lead to the production of new 
varieties. When we remember that there are already 
about 500 varieties of potato, although it was only intro- 
duced into Europe about two or three centuries ago, we 
need not be surprised at the countless varieties of bacteria 
which have been cultivated since the beginning of the 
earth, and can give rise to fifty generations in the course 
of twenty-four hours. 

And yet it must be confessed that the extraordinary 
variability of bacteria is very confusing. The same 
species may give rise to a rod, a thread or a spherical 
form. The haciUus prodigiosibs produces red spots on 
starchy substances ; but when grown at a higher tem- 
perature brings about lactic fermentation, without the 
production of pigment. The organism of pneumonia, 
i.e., the pneumococcuSy causes indigo fermentation ; but is 
also pathogenic for man. And the remarkable variability 
of the cholera vibrio is well known (see p. 77). 

But notwithstanding these variations there is no doubt 
that under identical conditions the properties of bacteria 
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will remain constant. It is no more possible to convert 
one species into another than it is among higher plants. 
Pus cocci, however cultivated, can never be changed into 
cholera vibrios, and all attempts to convert the B, coli 
into B. typhosus have failed. Again, it is not always 
possible by selecting the externial conditions to produce 
other species at will, or to suppress a single biological 
character in any species. 

We conclude, then, that bacteria are divisible into 
species and genera just in the same way as the higher 
organisms. It is true that they present considerable de- 
partures from the form that is deemed *' typical". But 
just as a cinchona tree may normally show considerable 
variations both in the amount and variety of alkaloids it 
contains, a germ may also show atypical characters and 
be still within the boundaries of the species. Indeed, it 
may be affirmed that under all circumstances there exists 
a well-marked form for each species, which represents for 
the latter the maximum of its growth, the climax of its 
well-being. 

Classification. — But although distinct species of bacteria 
do exist, their differentiation from one another is a matter 
of considerable difficulty. Hence it is that the classi- 
fication of bacteria is in such an unsatisfactory state. 
Organisms have been divided, according to the charac- 
teristic effects they produce, into chromogenic (colour 
producing), photogenic (light producing), cerogenic (gas 
producing), etc. But as the same micro-organism may 
produce any of these effects it is obvious that a biological 
classification is impossible. The division of bacteria into 
saprophytes (which grow on dead matter) and parasites 
(which grow in living tissues) is based on the assumption 
that organic matter is their necessary pabulum, and can 
no longer be entertained. For the discovery of nitrogen- 
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fixing bacteria (p. 42) has shown us that certain forms of 
life can dispense with organic and inorganic matter, 
and live simply on atmospheric nitrogen. To meet this 
difficulty Fischer has suggested the division of all bacteria 
into three groups as follows : — 

1. Prototrophic.— ThQm require no organic food, and 

include nitrifying, nitrogen-fixing, sulphur- and 
iron- bacteria. 

2. Metatrophic. — These require organic matter for their 

growth, and comprise facultative parasites (i.e., 
saprophytes capable of taking on a parasitic exist- 
ence), and most bacteria. 

3. Paratrophic bacteria occur only in living tissues 

{obligatory parasites). 
While this mode of classification has its value, the most 
practical division is that which is based on morphological 
characters. As has already been stated, the division of 
bacteria into spheres, rods, and spiral forms is fairly 
satisfactory, and will be found amply sufficient for our 
purpose. 



CHAPTER V. 

THE GENERAL BIOLOGY OF BACTERIA. 

AccoBDiNG to the generally accepted hypothesis of the 
origin of the earth, it is ohvious that the first formed 
bacteria must have existed under conditions totally dif- 
ferent from those which prevail to-day. The atmosphere 
must then have been poorer in oxygen and light, but of 
a higher temperature ; and there must also have been a 
notable lack of organic food-stuffs. It is, therefore, in- 
teresting to find certain species which still retain their 
primitive ancestral characters, and can only grow without 
light, oxygen or organic matter ; and others again which 
thrive only at the boiling temperature. It is important, 
then, to bear in mind that although bacteria in general 
can grow when supplied with suitable food and tempera- 
ture, yet their precise requirements admit of the greatest 
variations. 

A. — Conditions op Gbowth. 

1. Nutrient Media. — Like all higher plants, bacteria 
require for their food materials whence they obtain the 
elements of which they are made up. Carbon is derived 
from carbohydrates, and nitrogen from albuminoids, or 
more rarely from inorganic compounds. In addition to 
these sources of nitrogen and carbon, all media must con- 
tain salts and an abundance of water, A neutral or faintly 
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alkaline reaction is generally indispensable. The media 
usually employed in the laboratory are bouillon, gelatine, 
agar, blood serum, eto. 

Bacteria, however, are exceedingly fastidious in their 
demands. Thus, while some are easily satisfied with 
ammonium salts, others refuse to grow unless cultivated 
in blood serum, and still others refuse to grow at all in 
any of our artificial media. Again, the range of their 
requirements is so narrow that trivial differences in the 
composition of food materials may favour the growth of 
one organism in preference to the other. NageU found 
that in a neutral saccharine fluid containing bacteria, 
yeasts and moulds, only the first flourished causing lactic 
fermentation; but the addition of i per cent, of tartaric 
acid caused the growth of yeasts; while the addition of 
4 to 5 per cent, of the same acid brought about the 
development of moulds. 

It is interesting to note in this connection a remarkable 
property which some micro-organisms possess, i.e., the 
power of selection, whereby they can discriminate even 
between extremely similar substances. Mannite and 
dulcite are two such substances, and the difference be- 
tween them is so slight that both are represented by the 
same chemical formula. But there is a class of organisms 
which can distinguish between them more easily than the 
chemist ; and if grown in their mixture will attack mannite, 
leaving dulcite untouched. To take another remarkable 
illustration : if yeast be added to a solution of fructose, 
which consists of right-handed and left-handed l»vulose, 
it only attacks the left-handed molecules^ leaving the 
former severely alone. This is probably due to the fact 
that the yeast organisms, from centuries of growth, have 
had deeply impressed upon them the capacity of acting 
upon 1^ particular form of l»vulose ; but they cannot so 
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act on the right-handed laevuloBe, which is a mere 
laboratory product, and has never been encountered in 
nature. 

2. Oxygen. — While many organisms grow only in the 
presence of air (obligatory cerobes), others do so only 
when oxygen is completely excluded (obligatory ancsrobes). 
But the great majority of bacteria, although thriving best 
in the presence of oxygen, can also grow when its supply 
is more or less cut off (facultative anmrobes). This is 
true of almost all pathogenic forms, which are thus un- 
injured in the body cavity, where the oxygen is scanty or 
absent. But it is probable that in this situation their 
vegetative capacity is diminished, and the formation of 
toxic metabolic products increased. The exclusion of 
oxygen suspends chromogenesis in nearly all colour- 
forming organisms, and destroys the phosphorescence 
of all photogenic bacteria. 

3. Temperature. — In their relation to temperature, 
bacteria present wide differences. Thus, while most 
water bacteria can grow at the freezing temperature, 
many of the saprophytic forms flourish at the boiling 
temperature. 

Between these cold-loving and heat-loving bacteria lie 
almost all parasites which grow best at the blood-heat. 
Although most organisms grow within a definite range of 
temperature, yet the maximum development takes place 
at a certain point called the " optimum ". The range of 
temperature necessarily varies with each class of bacterium, 
and is well brought out in the following table : — 

MiDimum. Optimum. Maximum. 



B. phosphorescens 


. 0° 0. 


20° 0. 


38° C. 


B. siibtilis . 


. 6° 


30° 


60° 


B. anthracis 


. 14° 


37° 


46° 


B. tuberculosis . 


. 30° 


37° 


42° 


B, thermophilus 


. 42° 0. 


63-70° C. 


72° 0. 
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It will be observed that while B, suhtilis (" hay 
bacillus") can grow within very wide limits, the B, 
tuberctdosis, like all strict parasites, has the narrowest 
range of all. It is also apparent that a necessary con- 
dition for pathogenesis is the approximation of the optimum 
temperature to blood-heat. Where such an approximation 
does not obtain the animaldoes not '' take " the disease, Le., 
it is ** immune *\ It is partly for this reason that man is 
insusceptible to the hay bacillus, and fowls are immune 
to anthrax. When the latter are immersed in cold 
water their temperature is brought down, and made to 
correspond with the optimum of B. anthracis, with the 
result that they speedily succumb to the disease. 

Thermophilic bacteria are commonly met with in the 
fermentation of hay, cotton waste, tobacco, etc. Their 
optimum reaches the temperature of coagulation of most 
proteids. It is probable that their protoplasm is different 
from that of ordinary cells. 

Gold arrests the growth of organisms, but does not 
destroy their vitality. Most bacteria withstand a tem- 
perature of several degrees below 0°; and yet at this 
temperature the ordinary life processes must cease. 
Under such conditions bacteria are neither living nor 
dead— ^ey pass into a " third state" or a condition of 
suspended animation. 

Heat, on the other hand, has a decidedly injurious 
action on the vitality of bacteria. If the optimum tem- 
perature be raised by 6° to 10° their power of growth and 
virulence are reduced, but not altogether lost. But if the 
maximum temperature is exceeded death follows owing 
to the coagulation of protoplasm. A temperature of 60° 
C. for ten minutes, or 70° C. for five minutes, is sufficient 
to kill most sporeless bacteria. 

To destroy spores the medium is exposed to live steam 
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for fifteen minutes on three successive days, and during 
the intervals kept at 25° C. to 30° C. to allow spores to 
vegetate {intermittent or fractional sterilisation), 

4. Light. — Direct sunlight checks the growth of all 
bacterial forms, and under favourable conditions may be 
bactericidal in its effects. Even when the Ught is not very 
intense, or when the exposure is too short, attenuation of 
the virus may result. If the action of heat be excluded 
by first carrying the light through a layer of water, no 
alterations in these results follow, showing that the 
germicidal action is due to light rays alone. The rays 
that are most effective are those of the highest refrangi- 
bility, i.e., the blue and violet rays of the spectrum. 

In considering these results we must remember that 
they are obtained in the laboratory, and under conditions 
which would rarely occur in nature. For practical disin- 
fection, therefore, it would be most unsafe to rely on 
sunlight alone. But by introducing plenty of light and 
air into our dwellings we may attenuate the vitality of 
the germs, and thereby, to a certain extent, safeguard 
ourselves against infection. 

5. Association of Bacteria, — Although for purposes of 
study pure cultures of bacteria are essential, we must not 
forget that in nature they often occur in combination. 
Their precise relations to each other can hardly be imitated 
in the laboratory, but recent investigations have thrown 
an interesting light on this question. 

When several species are associated in the same culture 
one may take precedence and the others may grow later 
(metabiosis) ; or two or more species may develop simul- 
taneously^ and co-operate for their mutual advantage 
{symbiosis); or the growth of one species may prevent 
the development of another {antibiosis). 

Metabiosis is well seen in the fermentation of *' grape 
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must/' where, although a number of organisms exist side 
by side, yeasts develop first, then the vinegar organisms, 
and lastly the putrefying bacteria. 

Symbiosis, however, is more important, and may be 
illustrated by numerous examples. Thus, some bacteria 
cannot play their ordinary r61e without the aid of others, 
e.g,f the organisms of tetanus and of suppuration. Again, 
the virulence of certain organisms may be heightened by 
means of association, e.g,, diphtheria bacillus and strepto- 
cocci. And the symbiotic relationship of legumes with 
the bacteria of root-nodules, is an even more beautiful 
illustration, and will be discussed in a subsequent 
chapter. 

As regards the antagonism of bacteria, it has been found 
that hacillibs pyogenes fodtidus prevents the growth of 
spirillvm cholera; and Emmerich has pointed out that 
animals injected with anthrax bacilli may be saved by 
subsequent infection with streptococcus pyogenes. Ac- 
cording to Hankin, micrococcus Ghadialli destroys typhoid 
and colon bacilli ; and he has therefore suggested the use 
of this coccus to purify water polluted with typhoid stools. 

It is thus apparent that bacterial growth is modified 
not only by environment, but also by association with 
other species. Therefore, when a pure culture of a 
species is obtained, and doomed to a separate existence, 
certain alterations are necessarily induced in the biological 
characters of the species concerned. A closer study of 
this question is most desirable, not only for the sake of 
confirming our notions about the life-history of bacteria, 
but also to show how far a species can be associated with 
another so as to give rise to the development of powers 
which would otherwise remain unobserved and unutilised. 
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B. — ^Thb Vital Phenomena of Bacteria. 

As is the case with all living cells, the amount of energy 
derived from the combustion of food-stuffs is not wholly 
expended in the building up of new protoplasm, but is, 
in part, applied to the production of diverse phenomena. 
For the sake of convenience they may be classified as 
follows : — 

1. Optical. — Several species of bacteria have been 
isolated from sea-water which, when cultivated in suit- 
able media, are markedly phosphorescent. The faint 
glow on decaying fish is also caused by the presence 
of these ''photogenic bacteria". The phosphorescence is 
a vital phenomenon of the organism ^ and is therefore 
lessened by anything that interferes with its vitality. 
The death of the organism, or the exclusion of oxygen, 
quenches the light at once, while a more abundant supply 
of oxygen increases it. 

Phosphorescence is absent in perfectly smooth water, 
and is best seen at the crest of the waves, where the 
oxygen is most plentiful. 

2. Thermic. — The rise in temperature so frequently 
observed in the decomposition of organic materials, e.g.^ 
hay, manure, tobacco, is no doubt due to bacterial agency. 
Sometimes the temperature may be so high as to cause 
** spontaneotbs combustion ". It appears that these results 
are brought about by the growth of ** thermophilic bac- 
teria ". 

3. Mechanical. — If a drop of stagnant water be examined 
under the microscope it will be observed that bacteria 
tend to crowd round particles of organic matter to which 
they are mysteriously attracted (chemiotaxis). This is 
not the result of an instinct for food, but of the chemical 
nature of the substance employed as stimulant. The 
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ohemiotaxis is said to be positive when the living cell 
approaches, and negative when it recedes from the 
chemical substance. Asparagin, peptone, and oxygen are 
strongly chemiotactic, but free acids and alkalies negatively 
so. Alcohol is despised by bacteria. 

Ghemiotaxis is not confined to the bacterial cell, but is 
also exhibited by leucocytes. It is in virtue of this pro- 
perty that the latter move towards the focus of production 
of toxins, and try to envelop the invading bacteria. If, 
however, the leucocytes are repelled, the infective agents 
grow unchecked, and death may follow as a consequence. 
4. Chemical. — In order to render nutrient media more 
suitable for their absorption, bacteria resort to a peculiar 
device. They secrete ferments of various kinds, e.g., 
proteolytic (transforming albumin into soluble sub- 
stances), diastatic (converting starch into sugar), emulsi- 
fying, coagulating or fat-splitting. The action of these 
ferments, and the metabolism of the bacterial cells, give 
rise to various phenomena, the more important of which 
may be arranged in four great groups, 
(i.) Fermentation, 

(ii.) Putrefaction^ or " putrid fermentation,'* is similar to 
fermentation, except that instead of occurring in carbo- 
hydrates, it takes place in dead nitrogenous material. 
The albumin is first peptonised, and then further broken 
up into such substances as carbon-dioxide, sulphuretted 
hydrogen, hydrogen, nitrogen, methane, butyric acid, indol, 
skatol, etc. 

Sometimes the innocuous albumin is changed into dis- 
tinct animal alkaloids called ptomaines. These may be 
formed outside the body, and become a source of danger 
when ingested with food. Poisoning with ice-cream or 
meat is frequently due to the presence of these sub- 
stances. 

3 
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The malodorous, products of putrefaction are chiefly 
produced by anaerobic bacteria, and are consequently most 
pronounced in situations where the supply of oxygen is 
limited or cut off. When a dead body is exposed to the 
air the anaerobes migrate from the intestine, which is 
their normal habitat, and invade the tissues in all direc- 
tions. They are, no doubt, favoured in their growth by 
the simultaneous presence (symbiosis) of the aerobes, 
which, while carrying on the surface decomposition, con- 
sume the oxygen and create an (anaerobic) atmosphere so 
favourable to the continued development of the anaerobes. 

The organisms concerned in putrefaction are mostly 
facultative ancBrobes, of which the following are best 
known : Proteus vulgaris, proteus Zenkeri, bacillus 
flwyrescens liquefaciens, ba^illtis coli communis, bacilhis 
saprogenes. 

(iii.) Chromogenesis. — An historical interest is attached 
to this property, as it was observed so long ago as the 
Middle Ages. The moist consecrated wafers left on the 
church altar were found the next day to be covered with 
little blood-red drops. This ^as supposed to foreshadow 
some dire calamity, and much capital was generally made 
out of this " miracle ". It is now known, however, that 
this colour is produced by the growth of a common organ- 
ism — the bacillus prodigiosus. It grows best at 25° C. on 
boiled rice or potato, and produces a red pigment which is 
insoluble in water, but soluble in alcohol. Owing to the 
ready production of pigment, the organism is frequently 
employed in various bacteriological investigations. It is 
also suitable for the study of the mutability of species. 
By repeated cultivations on faintly acid media the cells 
lose their globular shape, and become actively motile rods 
or threads. Again, by growing the bacillus at 38° G. a 
variety may be obtained which no longer produces pigment. 
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In addition to red, various other colours may be formed 
by bacterial activity. Thus, violet colouring matter is 
formed by B, violacev^ ; green or blue by B. pyocyaneus 
or B. fluorescens ; and yellow by staphylococcus pyogenes 
wwreus. A yellow coloration is also produced by sulphur- 
bacteriaj which decompose H2S, and store up the sulphur 
granules in their substance. Similarly, iron-hacteria oxidise 
the iron carbonates, and the oxide thus formed is deposited 
in the bacterial cell, causing it to assume a reddish-brown 
colour. 

The pigment formation is best seen on solid media 
grown in the presence of air, away from sunlight, and at 
a low temperatmre. Chromogenic bacteria are frequently 
associated with putrefactive processes, and give rise to 
beautiful rainbow-like tints in putrescent substances. 

(iv.) Toxin production, — Like many higher plants 
{e,g,, abrus precatorius, ricinus communis) bacteria secrete 
poisonous substances, which represent the specific action 
of the corresponding organism. They will, however, be 
more conveniently dealt with at a later stage. 
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CHAPTBE VI. 

THE PHENOMENA OF PUTREFACTION. 

It may generally be said that the funotion of bacteria is 
to return all organised beings to earth. Every form of 
dead organic matter is immediately brought under their 
influence, and broken up into its elementary constituents. 
It is for this reason that fallen trees and dead bodies 
are cleared away from the ground, and make room for 
the succeeding generation. Thus far the microbes are 
our best friends. 

But unfortunately their activities proceed further, for 
in the search for food they often prey upon living beings. 
When microbes attack living tissues they produce the 
manifestations of disease ; but when the dead organic 
matter is attacked we have the phenomena of putrefac- 
tion and decay. At present, however, we are only 
concerned with the latter. 

Bacteria as Scavengers. — If we examine a fallen tree in 
a forest it will be observed that it remains apparently un- 
altered for some time. Then it gets softened into a friable 
substance, which finally crumbles into a brownish powder 
and is incorporated with the soil. How are these changes 
brought about ? The hard woody substance is first soft- 
ened by various fungi which grow into it ; next wood- 
eating insects appear ; and finally bacteria complete the 
decomposition. 

A similar dissolution is observed in the case of a dead 
36 
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animal, but with this difference, that the agenoy here is 
chiefly bacterial. 

The importance of these cleansing processes can hardly 
be over-estimated. Without bacteria the surface of the 
earth would be encumbered with dead organic matter, and 
there would be no room for vegetable and animal life. 
Microbes are the important agents of universal hygiene. 
They clear away the remains of all that has had life. 
Without them life would be impossible, for death would 
be incomplete. 

The Nitrogen Cycle. — But the microbes do not merely 
scavenge and cleanse the surface of the earth. They do 
much more — they elaborate this material for further use. 
It is well known that plants are constantly being eaten 
by animals, and the latter in turn again by plants. But 
dead animals cannot be assimilated by plants unless 
they are brought into a proper condition by bacterial 
agenoy. Were it not so, owing to the constant loss of 
food-stuffs from the soil, vegetation would cease, and even 
animal life would become impossible. 

It must not, however, be supposed that any new 
material is created by the micro-organisms concerned. It 
is the same food which is used over and over again, first 
by plants, then by animals, and then again by plants. 
This circulation of matter lies at the root of the continua- 
tion of our food supply, and, as we shall see presently, is 
largely brought, about by the activity of microbes. A 
closer study of this question is pertinent to our present 
inquiry, not only on account of the profound interest of 
the subject itself, but also because it throws interesting 
sidelights on the behaviour and general biology of bac- 
teria. 

Plants obtain their food partly from the atmosphere 
and partly from the soil. Of the food-stuffs obtained from 
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the latter, the most important are the nitrates and am- 
monium salts. Under the influence of the sun's rays 
these are built up into proteids, which enter into the 
animal body when the plants are consumed. In this 
situation a portion of the nitrogenous food becomes par- 
tially broken down, and is daily excreted in the form of 
urea ; while another portion remains behind locked up in 
complex organic compounds, and is only liberated on the 
death and dissolution of the animal. 

Now comes the influence of the putrefactive bacteria, 
which attack all the excreted urea and dead organic 
matter. Various products result, but the most important 
is ammonia. 

' But even ammonia cannot be utiHsed by plants. Before 
this is rendered possible it must be oxidised into nitrates. 
This is accomplished by the agency of nitrifying bacteria. 

That ''nitrification" does occur in soils can be easily 
shown by analysing, at intervals, a definite quantity of 
soil, when an increase of nitrates will be observed after 
a few weeks. Now, if one portion of the soil is steriUsed 
and the rest not so treated, the latter alone shows an in- 
crease in nitrates, showing that nitrification is a biological 
process, due to the presence of living matter in the soil. 

These organisms refuse to grow on gelatine or other 
nitrogenous media, and hence the difficulty of the early 
experimenters. Winogradsky, - however, hit on the in- 
genious device of using gelatinous silica, and thereby 
succeeded in isolating the organisms. Further investi- 
gations have shown that nitrification is the result of two 
distinct species of microbes : one of these (nitrosobacteria) 
oxidises ammonia into nitrous acid ; and the other (nitro- 
bacteria) converts nitrous into nitric acid, but is incapable 
of attacking ammonium carbonates. 

Nitrifying bacteria do not need any organic matter for 
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their growth ; indeed, its presence is even harmful to 
them. In this respect they are strikingly difiFerent from 
all other living organisms. They mineralise organic 
nitrogen, and present it to the plants in the form of 
nitrates, and thus form the last necessary link in the 
chain which binds the animal to the vegetable king- 
dom. 
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Fig. 3.— The Nitrogen Cycle. 

Loss of Nitrogen. — Sometimes the process of nitrifica- 
tion is reversed, and nitrates are reduced to nitrites, and 
even still further to ammonia or free nitrogen. This is 
the result of the activity of the so-called ** denitrifying 
bacteria *\ These organisms are commonly met with in 
fresh manure, and this explains why it is so wasteful to 
apply manure to land which has had a dressing of 
nitrates. 
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In addition to denitrification, a certain portion of nitrogen 
is constantly lost in the ordinary putrefactive processes. 
Nor are these the only sources of nitrogenous loss. Cre- 
mation and the discharge of sewage into rivers may be 
mentioned as other causes of this waste. 

Beclaiming lost Nitrogen, — Since nitrogen is constantly 
taken out from the soil by vegetation, and a portion of it 




Fig. 4. — A Leguminous Plant (Vetch) showing Root Tubercles. 



is as constantly lost, it becomes necessary to inquire as to 
how vegetation has gone on for centuries, notwithstanding 
this loss. 

As a matter of fact, the lost nitrogen is reclaimed by 
bacterial agency, which appears to act in two ways. In 
the first place, it is found that in most cultivated soils 
there are certain species of bacteria which are capable of 
fixing free nitrogen. This fixation, however, is not brought 
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about by a single species, but by the combined activity of 
two or more species acting together. Thus, Clostridium 
Pasteurianvm (a species allied to the butyric organism) 
possesses this power in a notable degree ; but it can only 
so act if protected from oxygen by a zone of anaerobic 
bacteria, which consume this gas and allow the Clostridium 
to grow ansBrobically. 




Fig. 6. — A Leguminous Plant (Vetch) without Root Tubercles. 

The second method, however, is of greater importance, 
and affords a more beautiful instance of symbiosis. If 
the seeds of any leguminous plant, such as pea or bean, 
be grown into a soil containing all the necessary food- 
stuffs except nitrogen, it will soon begin to germinate. At 
first the growth takes place in the usual manner, and no 
apparent difference is observed, for the young plant feeds 
upon the store of nutrient substances contained in its 
cotyledons. 



42 ELEMENTARY BACTERIOLOGY 

But as soon as this store is exhausted the growth be- 
comes less vigorous, and finally ceases owing to the lack 
of food (nitrogen-hunger stage). All other plants (e.g., 
wheat, etc.) suffer similarly under identical conditions. 
But while these plants continue in this stage, and finally 
die away, the legumes soon recover, throw up a luxuriant 
foliage, and produce a good crop of seeds. And what is 
still more extraordinary, they contain as much nitrogen 
as those plants brought up on nitrogenous manure. It 
follows from this that peas can, and do, assimilate nitrogen 
from the atmosphere. 

Now, if a young legume be carefully pulled up from 
the soil, little sweUings on the roots can be easily seen by 
the naked eye. It is known that only such plants as de- 
velop tubercles can increase the amount of nitrogen in their 
tissues, and further that the amount of nitrogen fixation 
is roughly proportional to the development of tubercles. 

The tubercles contain bacteria in various stages of 
growth, and each kind of plant has an organism special 
to itself. These bacteria, which exist in the interstices of 
most soils, are attracted to the root hairs of a young 
legume, and by their active growth contribute to the 
formation of nodules. 

We see, then, that the absorption of atmospheric 
nitrogen is connected with the development of tubercles, 
which latter are produced by the action of bacteria on 
roots. But neither bacteria nor plant can act alone — 
they must grow together (symbiotically) before nitrogen 
can be fixed. 

When the plant dies the fixed nitrogen locked up in its 
tissues is brought under the influence of putrefactive bac- . 
teria, and nitrates are reformed. In this manner some of 
the lost nitrogen is brought back to the soil in the form 
of nitrates, and so commences the cycle afresh. 
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Summary, — The food cycle is now complete. Starting 
from the soil, we have followed the transference of matter 
successively through plants, animals, bacteria, and back 
again to the soil. It is interesting to note the remarkable 
division of labour among soil bacteria, by which complex 
organic compounds are first broken up and then elaborated 
iiito nitrates. The loss of nitrogen which occurs during 
this process is prevented by the specialisation of function 
of certain bacteria. These organisms bring the errant 
nitrogen back to the soil, and thereby tend to balance the 
input and output of the soil food. 

And so the food-stuffs ceaselessly move on in this 
eternal cycle. And as long as the sun yields the neces- 
sary energy there is no reason why life should ever come 
to a standstill. But, as we have just seen, the continua- 
tion of food supply is largely dependent upon these 
ubiquitous bacteria. These ** subtle artisans of nature " 
are constantly at work breaking up and rebuilding 
materials, and thus form the last link in the cyclical 
course of matter. 

Nor does their importance end here, for they are of 
immense benefit to us in several other ways. And first 
let us look at the very disposition of soil bacteria. In the 
upper layers of the earth they are constantly oxidising off 
the organic matter and keeping the soil in a pure state. 
Lower down are anaerobic organisms, which still further 
disintegrate the products filtered from above. Still lower 
down (at about twelve feet from the surface) no organisms 
are present, because the altered organic matter contains 
no nutriment for their growth. 

The importance of these facts in relation to water 
supply is self-evident. This explains why superficial 
wells are generally impure, and deep wells pure. The 
sanitary engineer brings these organisms into his service, 
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and utilises them for the purification of our water supplies. 
He makes them grow on the surface of sand filters, so 
that the latter become not only mechanical, but bio- 
logical filters as well. The bacterial purification of 
sewage is also brought about by the action of putre- 
factive bacteria. 

Soil bacteria, however^ play a more useful part in agri- 
culture. From a study of their life-history we can deduce 
certain facts which are well worth the study of the scientific 
agriculturist. Since nitrification needs a great supply of 
oxygen, it is important that the soil should be well stiired, 
BO as to admit air. Further, by the proper alternation of 
leguminous plants (e,g., peas), with those which cannot fix 
nitrogen but simply use it {e.g., wheat), it is possible to 
maintain the fertility of the soil, so far as it concerns 
nitrogen. Again, the advance of agricultural bacteriology 
has rendered it possible to replace artificial manures by 
the use of pure cultures of nitrogen-fixing bacilli. These, 
when introduced into the soil with the seed, are found 
to increase the produce in some cases. But the results, 
on the whole, are not satisfactory. This is probably due 
to the fact that ** nitragin ** (under which name cultures 
of nodule bacteria are sold in the market) contains only 
one variety of the organism, which is not equally useful 
for every species of legumes. Perhaps a better method 
would be the inoculation of a barren soil with leguminous 
earth, t.e., a soil in which legumes flourish, and in which, 
therefore, many forms of nitrogen-fixing bacteria would 
be present. The subject, however, requires further eluci- 
dation. 



CHAPTER VII. 

ANTISEPTICS AND DISINFECTANTS. 

It often becomes desirable to get rid of bacteria from 
certain media. A simple removal often suffices ; as when 
air is passed through cotton wool, or when water is filtered 
through a porcelain filter. But in most cases this is not 
possible, and the destruction of the organisms becomes 
imperative. Fire is the best of germicides, but owing to 
its obvious disadvantage recourse is often had to various 
chemical agents. Those substances which retard the 
development of organisms without actually destroying 
them are called antiseptics. The complete destruction 
of their vitality is brought about by disinfectants or 
germicides. It, therefore, follows that all disinfectants 
are also antiseptics ; but all antiseptics are not germi- 
cides.^ The division between antiseptics and disinfect- 
ants, although convenient, is purely arbitrary. The same 
substance in different degrees of concentration may act 
now as disinfectant, now as antiseptic. Thus, 1:200 of 
carbolic acid kills ; and 1:400 of the same acid restrains 
the bacillus of typhoid fever. 

The method of determining the activity of a germicidal 
agent is comparatively simple. Organisms possessing a 
high degree of resistance (preferably anthrax spores) are 
first dried on sterile silk threads, and then introduced into 

* It must be pointed out, however, that the term " antiseptic *• is 
frequently used in the sense of ** germioide ". 
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a solution of the agent for varying lengths of time. By 
subsequent inoculations of nutrient media, it is noted 
whether the organisms have been destroyed or not. 

It must be clearly understood, however, that the germi- 
cidal powers of an agent vary with the number and re- 
sistance of bacteria, the nature of the associated material, 
and many other conditions. Therefore the statement that 
a certain substance is disinfectant in a certain proportion 
is valueless, unless we are informed of the conditions 
under which its germicidal powers have been determined. 

It would obviously be impossible to detail the numerous 
substances which have been employed as bactericidal 
agents, but the following are those most commonly used 
in practical disinfection : — 

Acids, — Bacteria are more susceptible to the action of 
mineral acids, than to that of vegetable acids. It is for 
this reason that cholera vibrios, for example, are more 
readily destroyed by the hydrochloric acid in the stomach, 
than by the acids of fruits. 

Potassium permangcmate, in order to be of any value, 
must be used in sufficient quantity to destroy both the 
infective agent and its medium. According to Eoch^ as 
much as 5 per cent, of the salt is required to destroy 
anthrax spores in one day. 

Ferraus sulphate is an antiseptic of moderate powers, 
largely used for the disinfection of privies. 

Sulphur dioxide is extensively used for the disinfection 
of houses, but can hardly be called efficient. It is more 
effective in association with moisture, than in the anhy- 
drous state. Unfortunately it bleaches vegetable colours, 
attacks iron, and injures cloth and leather. 

Formaldehyde possesses none of the drawbacks of sul- 
phur dioxide, and, being more potent in its action, has 
largely replaced this gas as a practical disinfectant. It 



ANTISEPTICS AND DISINFECTANTS 47 

can be used either as a vapour, for which there are 
numerous forms of apparatus on the market, or as a 
solution. A 40 per cent, solution of formaldehyde is 
called **fonnalm". Formaldehyde is fatal to most 
bacteria in solutions of 1:1,000 ; and can be safely used 
for the disinfection of rooms. 

Mercuric chloride^ in the proportion of 1:1,000, may be 
relied upon to kill spores, provided, of course, no albumin 
is present. Plague bacilli are killed by two minutes' ex- 
posure to 1:3,000. Corrosive subUmate forms insoluble 
compounds with albuminoids, and then loses its bacteri- 
cidal powers. This reaction is prevented by adding some 
sodium chloride, which forms, with the sublimate, a double 
salt soluble in water. 

Zinc mercuric cyanide is one of the most powerful 
germicides known. A solution of 1:40,000 is sufficient 
to destroy the vitality of anthrax baciUi. 

Carbolic acidy in a 5 per cent, solution, is recommended 
by Koch for the disinfection of cholera stools. Pus cocci 
are destroyed by a solution of 1:126 after two hours' ex- 
posure. Oily solutions of carboHc acid are useless, because 
the oil cannot penetrate into the organisms. On the 
other hand, the addition of hydrochloric acid decidedly 
increases the germicidal powers of carbolic acid. 

In crude carbolic acid, besides phenol, cresol is present 
in large quantities, and is said to have greater disinfecting 
powers than phenol. Cresols, however, are not soluble 
in water, and various devices have been employed to 
secure their presence in solutions. Cresol is easily soluble 
in soap solutions ; and advantage is taken of this fact in 
the preparation of various disinfectants which are adver- 
tised imder the names of Jeyes* fluid, Izal, Lysol, etc. 
They are all shghtly superior to carbolic acid in actual 
germicidal value. 
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As the chemioal disinfectants are usually employed in 
aqueous solutions, investigations have been undertaken 
with regard to the nature of solutions, and they have led 
to considerable modifications in our views about disinfec- 
tants. According to the modem theory of dissociation, in 
a solution of a salt some of the molecules of the dissolved 
substance remain unaltered, while others are broken up 
(dissociated) into electropositive and electronegative con- 
stituents — ^into their ions. Now, many of the physical 
properties of a solution depend upon ionization, and it is 
certain that the toxicity of a salt also varies with its degree 
of dissociation. Thus, cyanide of mercury, which is very 
slightly dissociated, is a less efficient germicide than 
mercuric chloride. Indeed, the subhmate is the most 
electrically active, that is to say, the most toxic, of all 
other mercurial salts. To express the matter in more 
general terms, solutions of mercurial salts are the more 
active the more mercury they contain, not by atomic 
weight, but in the form of ions. 

But the relation between dissociation and the disinfect- 
ing powers becomes even more marked when we compare 
the same salt in different degrees of dissociation. It is 
known that in a solution of corrosive subhmate (HgClg) 
the proportion of CI ions to unchanged HgGl2 molecules 
is constant. Now, if we add to this the strongly active 
solution of common salt (NaCl) more Gl ions are Hberated, 
and the proportion of dissolved molecules to unaltered 
molecules is disturbed. The resiilt is that the number 
of Gl ions derived from HgGl2 is reduced, its degree of 
dissociation diminished, and some of the free Hg and Gl 
ions are built up again into complete molecules. It has 
been proved experimentally that as the degree of dissocia- 
tion is lessened so is the toxicity reduced. 

From this it follows that in the disinfection of fluids 



ANTISEPTICS AND DISINFECTANTS 49 

oontaining sodium ohloride a larger quantity of the subli- 
mate must be added than would otherwise be required. 
The presence of albumin will demand a still further 
addition of the mercurial salt, because some of it will be 
precipitated in the insoluble compound with proteids. In 
the case of media rich in albumin (e,g.y fasces, sputum), 
the whole of the mercury may be precipitated, and its 
germicidal action entirely lost. 

Besides the nature of the solvent, the temperature of 
the solution has an important influence on the degree of 
dissociation, that is to say, on the germicidal powers of 
the agent employed. Again, the knowledge that the 
action of germicides is chemical, and due to their com- 
bination with the albumin of bacteria, is apt to lessen 
still further our confidence in the permanence of their 
action. 

It would serve no useful purpose to give a list of all the 
antiseptics, and the proportions in which they are most 
efficient. Such figures, obtained experimentally, have at 
best a theoretical interest, and may even be misleading. 
As has already been observed, there are a number of con- 
ditions which influence the germicidal powers of agents, 
and these must be carefully taken into consideration in 
the choice of a disinfectant. In the light of these facts 
the absurdity of sprinkling carbolic powders, and of pour- 
ing a deodorant down the gutter becomes apparent. It 
must be realised that the creation of a rival smell is no 
criterion of safety. 

Klein has recently endeavoured to ascertain the value 
of various disinfectants by a more direct method. For 
this purpose he infected wood, cloth, and wall-paper with 
cultures of anthrax, tubercle, and cholera organisms, and 
then exposed them to the action of various germicides 
for twenty-four hours. It was found that carbolic acid, 
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corrosive sublimate, and sulphurous acid were the most 
efficacious, whereas Condy's fluid (1-63 to the pint) was 
the least reliable. Gaseous formalin, with only five hours' 
exposure, sufficed to destroy all organisms except when 
tubercle bacilli were present on the wood and cloth. 



CHAPTBE VIII. 

THE PRESBBVATION OF FOOD-STUFFS. 

No better illustration could be furnished of the advantages 
of bacteriologiGal study than the subject we are about to 
consider. This important industry owes its foundation 
to a Parisian, named Appert. While the scientists were 
discussing the theory of spontaneous generation, this 
enterprising confectioner perceived the possibihties of 
Spallanzani's experiment (p. 4), and perfected his process 
for preserving meat, vegetables, etc. To this end he 
exposed these substances to the temperature of boiling 
water for some time, and succeeded in obtaining the 
desired result. The modern methods of food preservation 
are essentially modifications of Appert's process. The 
use of borax, formalin, etc., as food preservatives is to 
be condemned, on account of their injurious effect on 
digestive enzymes. For it must be remembered that 
the problem which lies at the root of food preservation 
is this : how to destroy or suspend the vitahty of micro- 
organisms, without at the same time lowering the nutrient 
value of the medium? The answer to such a question 
will necessarily vary with the nature of the food, and its 
bacteria flora ; and, therefore, different methods are em- 
ployed for different foods. 

Milk, when secreted from the gland, is practically germ- 
free, but by the time it has entered the milk-pail it [is 
extremely rich in bacterial contents. These come from 
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aJl sources: from the vessel, hands of the milker, air 
of the cowshed, and the dirt which adheres to the body 
of the cow. Of the non- pathogenic germs the lactic 
organisms are commonly found in milk, where they grow 
so rapidly as to check the growth of all other species. 
They may even prevent the growth of pathogenic forms, 
and would be most effective in preventing infection, were 
it not for the fact that milk is consumed long before this 
occurs. As is well known, milk is a frequent carrier of 
the infections of tuberculosis, cholera, and scarlet fever ; 
and there is no doubt that various diarrhoeal disorders 
are due to the bacteria of the ** milk dirt ". 

A short boiling suffices to kill lactic and most patho- 
genic germs. But there are other milk bacteria which 
form spores, and these are not destroyed by the com- 
paratively low temperature of ebullition. A boiled 
milk, therefore, may be rich in these bacteria, and yet 
remain unaltered to the naked eye. If, however, such a 
milk be consumed by a young infant, the spores develop 
into organisms, which rapidly decompose the milk and 
give rise to various gastro-intestinal disorders. 

But this is not the only objection to boiling, for, as is 
well known, it alters the flavour and nutritive value of 
milk. The fat loses its emulsified condition separating 
out its cream, and the albuminoids are converted into a 
form very difficult of digestion. 

Sterilisation by means of superheated steam has been 
tried to destroy spores, but without much success. It is 
found that this method is by no means efficient, as some 
spores still escape destruction. 

A much better method is that of ** pasteiirisation,'* 
whereby milk is kept at 70° C. for fifteen minutes, and 
then rapidly cooled. The rationale of this process is 
simple. The high temperature is evidently below the 
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boiling point, and yet above the thermal death point of 
laotic and pathogenic germs. The spores and germs not 
so killed are checked in their growth by the rapid cooling, 
which is an important part of the process. 

Pastemised milk cannot be distinguished from fresh 
milk, which it closely resembles in flavour and nutritive 
value. It can be preserved for long periods, and is not 
so liable to give rise to diarrhoeal diseases. 

Pasteurisation has also been resorted to in the case 
of wines, cream, etc., and with marked success. 

Meat, — It has already been remarked that the putre- 
faction of dead animals is initiated by the saprophytes 
of the alimentary canal, which migrate from their normal 
habitat and invade the tissues in all directions. If, 
therefore, the bowels of the animal be completely excised 
as soon as it is slaughtered, it would be possible to delay 
the decomposition for some time. This is precisely what 
the butcher does every day ; but without understanding 
the rationale of his method. 

To prevent further putrefaction, the disembowelled car- 
cass is placed in a refrigerating chamber, and in this 
frozen state can be transported to long distances. This 
method of **cold storage** is largely employed in AustraHa, 
and has proved eminently satisfactory to the pubhc and 
capitalist alike. 

The smokmg of meat is also a reliable means of pre- 
serving it. The smoke of heated wood chips is rich in 
phenol and creasote, which are deposited on the flesh and 
prevent putrefaction. 

But the best method of preserving meat consists in 
heating it to a temperature sufficient to destroy all 
bacteria and their spores, and then hermetically seaHng 
the vessels. This is essentially the process used by Appert 
long ago, and has led to the grovrth of a gigantic industry. 
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Eggs. — The oontents of fresh-laid eggs are not always 
germ-free, as baoteria are known to enter the oviduot and 
infect the albumin before the shell is deposited. Again, 
the shell is porous, and allows bacteria and oxygen to 
pass through it. This gas is essential for the develop- 
ment of the embryo, and also for the organisms already 
contained in the egg. 

The methods of preservation aim at making the shell 
impervious to the passage of baoteria and oxygen. This 
is accomplished by coating them with vaselin, or '' water 
glass/' a material composed of sodium and potassium 
silicates. 

Vegetables cmd Fruits. — ^Bacteria require a preponder- 
ance of water for their growth, and they cease to grow in 
substances in which this element is lacking. It is for 
this reason that fruits and vegetables dried by the sun's 
rays or artificial heat can be preserved for comparatively 
long periods. 

In the case of substances like green peas, which are apt 
to lose their flavour by desiccation, recourse is had to 
Appert's process. 

In the preparation of jams and marmalades, the fruits 
are boiled, sugar added, and the whole carefully packed 
in sterile glass jars. Sugar in itself is an excellent food, 
and not only exalts the nutritive value of these substances, 
but at the same time plasmolyses ^ the bacteria, so that 
they are no longer capable of setting up decomposition. 
But in order to be effective it must be used in very strong 
solutions, otherwise it is apt to undergo alcoholic fer- 
mentation. 

^ By ^^ plasmolysis " is meant a condition of the cell in which its 
protoplasm shrinks from the cell wall and aggregates into little 
masses. 



PART II. 



CHAPTER IX. 

BACTERIA IN DISEASE. 

Before considering the relations of bacteria to disease it 
would be as well to refer briefly to the organisms which 
are normally parasitic in man. They are present on the 
skin, in the respiratory passages, and in the digestive 
canal. Of these by far the largest number are met with 
in the intestines. Formerly it was supposed that bacteria 
were essential to normal digestion ; but it i^ now recog- 
nised that their presence is by no means of any advantage 
to the.host. On the other hand, they may be distinctly 
harmful, for they are liable to multiply whenever the 
defensive forces of the organism are diminished. There 
can be no doubt that many forms of headache and ansBmia 
are due to auto-intoadcation from the poisonous secretions 
ot these microbes. Cirrhosis of the liver has been pro- 
duced in animals by the aid of acetic and butyric acids, 
which are the normal products of our intestinal bacteria. 
It may also be that these organisms, by devitalising the 
mucous membrane, prepare the way for the cholera germs 
which are thus enabled to gain a foothold in the in- 
testines. 

The microbic theory of disease, although formulated by 
Henle in 1840, has only been demonstrated within the 
last few decades. Pasteur's researches on butyric fer- 
mentation led him to note the marked resemblance 
between the piocesses of fermentation and disease, and 
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he asserted that the organisms of fermentation were 
analogous to those described by Davaine in anthrax. 
Elebs in 1871 fmnished the direct proof of the bacterial 
origin of disease by his studies on wound infections ; and 
later researches have amply confirmed the microbic nature 
of infectious diseases. 

But how do the microbes produce the lesions and 
symptoms of disease? Micro-organisms, although mul- 
tiplying in the tissues of the host, are usually too 
insignificant in size to produce any appreciable result 
by their mere numbers. It appears, however, that thi» 
mechanical r61e is played in anthrax (as also in other 
septicsemic infections), where organisms fill up the lumen 
of capillaries, and thereby derange the normal metabolism 
of the affected parts. But in most cases the phenomena 
of disease are produced by the secretion of toxms or 
poisonous products, which enter into combination with 
the constituents of the body cells. In fact, it may gener- 
ally be said that the bacterial infection is of the nature 
of intoxication. For although the multiplication of the 
organisms in certain tissues (alimentary canal, tonsils, etc.) 
is necessary to regulate the supply of toxin, the specific 
symptoms of the disease are produced by the latter alone. 
This can be easily demonstrated by injecting a germ- 
free culture, say, of the diphtheria bacillus (obtained by 
passing a broth culture of this organism through a Gham- 
berland filter), into a susceptible animal, when the charac- 
teristic paralytic phenomena of the disease are instantly 
reproduced. But the local inflammatory lesions cannot 
be produced in this manner, which shows that some toxins 
are manufactured in the living tissues alone. As a matter 
of fact, pathogenic germs form a series of substances of 
varying degrees of toxicity, and thereby contribute to the 
complexity of the symptoms of infectious diseases. Thus, 



BACTERIA IN DISEASE 59 

the secondary anaemias which occur in the course of pneu- 
monia» typhoid, etc., are due to the destructive action of 
certain of their toxins on the red-blood corpuscles of the 
host. But, although the bacterial products are of a com- 
plex nature, the specific symptoms are always produced 
by specific poisons. 

The toxins may be soluble (extracellular), as in B, 
diphtheria and B. tetaaii ; or they may be insoluble and 
contained in the bacterial cell {intracellvlar), as in the 
cholera and typhoid organisms. The intracellular toxins, 
also called " bacterioproteins," are common to many 
bacteria ; and when injected into animals produce fever 
and inflammatory symptoms. According to Buchner, 
there is no hard and fast line between the intra- and 
extracellular toxins; and he regards both of them as 
closely associated with the cell protoplasm. For, just 
as in alcoholic fermentation, the yeast cells themselves 
contain alcohol, it may be that the toxins are first pro- 
duced in the bacterial cells, and subsequently excreted 
into the surrounding medium. 

It is, however, impossible to say whether the extra- 
cellular toxins are actually excreted, or are produced 
by the bacteria acting on the chemistry of the nutrient 
medium. Toxins have not been isolated in the pure 
state, and their precise nature is not known. Eoux 
regards them as enzymes. According to most authori- 
ties, however, they are either proteids, or linked on to 
proteid molecules, and are not unlike certain vegetable 
and animal poisons, as ricin, abrin, snake venom,^ etc. All 
these bodies are sometimes called toxalbumins* 

The lesions produced in disease may be situated in the 
vicinity of bacteria, or at a distance. The former are 

^ See Appendix B, p. 138. 
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caused by the direct action of the toxins ; and the latter 
by their absorption into the S3rstemic circulation. The 
structural changes thus induced cause various functional 
disturbances, the so-called clinical symptoms. 

It must be clearly understood that what is called a 
** disease '* is not a specific entity, but a series of morbid 
manifestations, which, for convenience, have been arranged 
into groups. The classification of diseases was made long 
before the advent of bacteriology ; and thus it may or may 
not correspond with the division based upon the germ 
theory. Pneumonia, for instance, is a distinct disease, 
and yet it may be caused by a variety of organisms. 
Again we know that the organism of pneumonia, besides 
producing this effect, may also give rise to oedema, 
suppuration or septicssmia. 

On the other hand, many diseases are due to a single 
organism, which may truly be called specific. Anthrax, 
for example, is always caused by the B, anthraoia ; and 
this organism produces no other disease besides anthrax. 
Diphtheria is another notable example of a specific dis* 
ease; but the same cannot be said of septicsBmia or 
pneumonia. Koch has laid down that every specific 
pathogenic germ must fulfil the following conditions : — 

(1) It must be constantly present in the diseased 

tissues, and must have special relations with 
the tissue changes. 

(2) It must be capable of being cultivated on artificial 

media. 

(3) The pure cultures thus obtained must reproduce 

the disease when inoculated into fresh animals. 

The researches of the last few years have brought out 

the interesting fact that every pathogenic germ is really 

a member of a famil;^ of organisms possessing closely 

allied characters. This discovery does not invalidate the 
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dootrine of the specificity of disease, but is interesting from 
the evolutionary point of view, for it serves to remind 
us that all our parasites have arisen from saprophytes, 
by the process of natural selection. The organisms 
which simulate pathogenic forms are usually called 
** pseiidO'bacteria '\ This term, however, is apt to be 
misleading, and will only exceptionally be used in the 
following pages. 



CHAPTER X. 

SUPPURATION. 

ExPEBiMBNTALLT, suppimttion may be produced by various 
chemical means, as, for example, by the subcutaneous 
injection of silver nitrate or oil of turpentine. But pus, 
as met with clinically, is usually formed by the action of 
certain bacteria, the most important of which are the 
staphylococcus pyogenes awreiis and the streptococctis 
pyogenes. Several other varieties are also commonly 
present, as, for instance, staphylococcus pyogenes albus 
and citreus, and bacillus pyocyaneus (the organism of green 
pus). It may also be mentioned that the organisms of 
gonorrhcea, pneumonia, anthrax, etc., are frequently con- 
cerned in pus formation. 

Staphylococcus Pyogenes Aureus. — This organism, which 
is normally present on the skin and in the respiratory 
mucous membrane, is the most common cause of sup- 
purative processes in general. It can be obtained almost 
in pure cultures from boils, carbuncles, and the pus of 
osteomyelitis. 

Under the microscope the organisms are observed as 
spherical cells forming groups or clusters of various sizes. 
They multiply rapidly at 20° C. in milk, broth, and other 
nutrient media. In '' stab cultures ** ^ the gelatine is lique- 
fied in the form of a pouch, the bottom of which contains 

^For methods of cultivation, staining, etc., see Appendix A, 
p. 129. 
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the characteristic golden yellow pigment. Upon the surface 
of agar, spherical colonies are formed which acquire an 
orange tint. Milk is rapidly coagulated, with the forma- 
tion of lactic and butyric acids. 

It has been shown that a weakened culture of the 
" golden staphylococcus " suddenly becomes virulent on 
the addition of a certain amount of grape sugar. This 
probably explains why boils are so frequently observed 
among those engaged in sugar refining. The carbuncles 
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Fig. 6. — A, Staphylococcus Pyogenes Aureus. B, Streptococcus 
Pyogenes. 
[From Curtis' 8 EsserUiaU of PracticcU Bacteriology.] 

associated with glycosuria are, however, due to the lowered 
vitality of the tissues, which can no longer prevent the 
development of the pyogenic cocci normally present on 
the skin. 

The pyogenic properties of this micrococcus can be 
easily demonstrated by rubbing a pure culture on the 
skin; or by subcutaneous injection in a rabbit or a 
guinea-pig. In fatal cases the most characteristic changes 
are observed in the kidneys, the capillaries of which are 
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plugged up with the micrococci. Metastatic abscesses 
may also be found. 

Streptococcus Pyogenes, — This organism is found in 
acute abscesses, puerperal fever, ulcerative endocarditis, 
and (associated with the specific bacilli) in the diphtheritic 
false membrane, and, in fact, everywhere where there is 
suppuration. It is also frequently met with in the mouth 
and nose of healthy individuals. There is reason to be- 
lieve that the so-called streptococcus erysipelatis is not a 
distinct species, but merely a variety of the streptococcus 
pyogenes. 

Under the microscope the organism is seen to consist 
of spherical cocci arranged in pairs or in the form of a 
chain. In gelatine stab cultures numerous small white 
colonies are formed without any liquefaction of the 
medium. In blood serum the colonies readily appear 
in the form of minute white dots. Milk is slowly co- 
agulated. 

Injected subcutaneously, the streptococcus may set 
up a localised erysipelatous inflammation, the organisms 
being found in the lymphatic vessels and spaces at the 
spreading margin of the inflamed area. The subcutaneous 
tissue elements are not peptonised and broken down into 
pus, as in the case of the staphylococci. Should the cocci 
find their way into the cellular tissue, a cellulitis is pro- 
duced, and if they enter into the circulation a septicsemia 
or pyaemia may follow. 

The nature of the toxins secreted by the organism is 
not known. But horses have been successfully im- 
munised against infection by repeated injections of sub- 
lethal doses of the living virus. The blood serum of 
these animals constitutes the anti-streptococcus serum ; 
and has been extensively employed in those infections 
which are due to the streptococcus pyogenes. 
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Oriental Sore, — This is the name applied to a circum- 
scribed inflammation of the skin that occurs endemically 
in Delhi, Lahore, Bagdad, and other places in the Eastern 
hemisphere. It begins as a papule, which sooner or later 
breaks down into an ulcer, and finally cicatrises. It is 
auto-inoculable ; and can, moreover, be communicated to 
lower animals by the inoculation of discharges from the 
surface of the ulcer. The specific germ has not yet been 
isolated ; but recent researches show that it is of the 
nature of streptococcus. As a rule second attacks do not 
occur. 



CHAPTER XI. 

GONORRHCEA. 

It may be taken as established that the gonococciis of 
Neisser ip.the essential cause of gonorrhoea. When the 
gonorrhoeal pus is stained with methylene blue, and 
examined under the microscope, the specific organisms 
are seen to be kidney-shaped, or Uke coffee beans. They 
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Fig. 7. — Gonococoi from the Urethral Secretion. 

[From Schenk's Bctcteriology.] 

are usually arranged in pairs, with the concave surfaces 
adjacent to each other. An important feature is the 
frequent presence of the cocci in the interior of the pus 
cells, where they may be found in considerable numbers. 
Another important point is that the organisms are not 
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stained by Gram's method, i.e., they are decolorised by 
alcohol, after having been treated with an aniline dye, and 
the iodine solution employed in Gram's method of staining 
(p. 133). 

Unlike other diplococci which may be present in the 
pus, the gonococcus refuses to grow on ordinary media, 
unless human serum is present at the same time. Blood- 
agar, or a mixture of fluid agar with albuminous urine, 
gives satisfactory results. 

The gonococcus has only a slight resistance, the specific 
pus being rendered innocuous by exposure to 60° C. for 
ten minutes. 

The ordinary laboratory animals are immune to gonor- 
rhoea ; but the disease can be reproduced in man by 
inoculating the healthy urethra with the gonorrhoeal pus. 



CHAPTER XII. 

PNEUMONIA. 

The micro-organism, which is the essential cause of 
acute lobar pneumonia, was discovered by Sternberg, and 
fully studied by Fraenkel. It is variously known as the 
diplococcus pneumonusy pneumococctcs, and streptococcus 
lanceolatus {Frontispiece, Fig. I.). This organism is highly 
pleomorphic, and its morphological characters vary accord- 
ing to the source from which it is derived. Thus, in the 
blood and exudates from infected animals the individual 
cocci are lanceolate or like a. grain of wheat, possess a 
well-defined capsule, and are usually arranged in pairs 
(diploGocci). But in cultivations they occur as oval or 
spherical bodies, without a distinct capsule, and frequently 
form a short chain. 

Growth takes place most favourably at 37° C. and in 
the presence of oxygen, although the organism can grow 
in the absence of this gas. But usually the growth is 
very feeble on most of the ordinary media, with the 
exception of blood serum. Blood -agar is a favourable 
medium — the hssmoglobin of the blood is converted into 
a chocolate-coloured pigment, which diffuses into the 
agar. It is in this way that the rusty colour of the 
sputum is produced. The micro-organism also grows in 
broth and curdles milk. 

On artificial media the organism dies quickly, but in 
dried sputum it may remain alive for long periods. It 
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is rapidly destroyed by exposure to 62° C, or by a one 
per cent, solution of carbolic acid. 

Mice and rabbits are very susceptible, while pigeons 
and fowls are immune. No soluble toxin is formed by 
the micrococcus ; and death takes place as the result of 
septicaBmia. 

The diplococous of pneumonia is frequently met with 
in the saliva of healthy individuals, and it has also been 
detected in meningitis, ulcerative endocarditis, and in acute 
abscesses. 



CHAPTEE XIII. 

ANTHRAX. 

Anthrax was one of the first specific diseases which was 
proved to, be associated with a definite micro-organism, 
the bacillus anthracis. The bacilli were discovered by 




Fig. 8. — Bacillus Anthracis. Plate colonies on glycerine agar-agar. 
[From Curtis' s Essentials of Practiced Bacteriology, '\ 

Davaine in 1850, but their etiological role was only estab- 
lished by the subsequent researches of Pasteur and Koch. 
The bacilli {Frontispiece, Fig. II.) occur as long rods, 
measuring from 5 /t* to 20 /a in length ; in fact, they are the 
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largest of all known pathogenic 
bacteria. They usually grow 
in the form of long threads, 
the individual bacilli appearing 
somewhat enlarged at the ends, 
so that the appearance of a 
bamboo cane is produced. 
They are immobile and SBrobic, 
although they may grow ansB- 
robically. 

Spore formation is an impor- 
tant feature of this organism. 
Under suitable conditions 
spores are readily developed 
in the long filaments, and ap- 
pear like " peas in their pods ". 
Spore formation never takes 
place in the body, owing to 
the lack of oxygen and of a 
suitable temperature. 

On account of their extreme 
resistance, anthrax spores are 
frequently used as test objects 
for determining the value of 
various germicides. If kept 
dry and away from light the 
spores retain their vitality for 
many years, but they are 
rapidly killed by exposure to 
a temperature of 100° C, or 
to 01 per cent. # solution of 
formalin. 

In agar plate cultures the 
bacilli grow into long threads, 




Gelatine stab culture. 

[From Curtis' s Essentials of 
Practical Bacteriology.'] 
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which give rise to a convoluted tangled mass of growth. 
The growth in gelatine stab cultures is characteristic : fine 
filaments grow out laterally from the track of the needle, 
while liquefaction of the gelatine takes place slowly from 
the surfacia. Upon potato a greyish white layer is pro- 
duced, with abundant spore formation. 

As legBsAs pathogenesis, cattle and most sheep are highly 
susceptible, but frogs, dogs, and the Algerian sheep are im- 
mune. Man occupies an intermediate position between 
these extremes. In susceptible animals the disease takes 
a rapid course, with usually fatal results. The bacilli 
quickly multiply, fill up . the lumen of the capillaries, 
and produce atypical septicemia. The sanguineous dis- 
charges of the infected animal are consequently rich in 
these bacilli, which finally sporulate on the surface of the 
ground. The spores are blown about and infect pastures, 
so that animals grazing on these soils are liable to infec- 
tion. The spores, unlike the corresponding bacilli, are 
uninjured by the gastric juice and grow out into rodlets, 
which enter into the circulation and proceed to multiply. 

Infection may also result from breathing air containing 
anthrax spores, as in the wool- sorter' s disease of man. 
The malignant pttstiUe is the result of infection through 
abrasions in the skin, and is consequently most common 
in hide workers. 

The B, anthracis can be attenuated by various means, 
as, for instance, by cultivation at 42° C. — a temperature 
which is higher than its optimum. Pasteur's protective 
vaccine was first prepared in this manner. There can be 
no doubt that protective inoculation against anthrax has 
proved immensely succe'ssful in conferring immunity on 
sheep and cattle. 



CHAPTBE XIV. 

CHOLERA. 

The bacteriology of this disease has only been worked 
out within a comparatively recent period. For although 
the infectious nature of cholera had been recognised for a 
long period,' nothing was known of the true nature of the 




Fia. 10. — Vibrio Oholerse. From a film prepared from cholera 
"rice-water stool". 
[From Curtis's Essentials of Practical Bacteriology, ] 

disease. It was not till 1883 that Koch, by his brilliant 
researches in Egypt and India, discovered a peculiar 
organism, the " comma bacillus,'' which is now generally 
admitted as the causa causans of cholera. This organism 
was constantly met with in all cases of true cholera, and 
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Fig. 11. — Vibrio 
Cholerse. Stab cul- 
ture in gelatine (third 
day). 

[From Schenk's 
Bacteriology.] 



in no other disease. Where cholera 
causes most marked changes, i,e,, in 
the lower half of the small intestine, 
the bacilli were most numerous — 
above it they diminished more and 
more. This constant occurrence of 
the comma bacilli and their Hmita- 
tion to the choleraic process cannot 
be regarded as an accidental coinci- 
dence. On the contrary, the organism 
and the cholera process must be 
related to each other as cause and 
effect. 

The comma bacillus, or rather 
cholera vibrio or spirillum (Frontis- 
piece ^ Fig, III.), occurs as a curved 
rod, singly or in pairs, the latter giving 
rise to half-circles or S-shaped curves. 
It is actively motile, and usually 
possesses a single flagellum. The 
organism can be readily stained by 
various aniline dyes, but is decolorised 
by Gram's method. It does not form 
spores, although Hueppe claims to 
have seen small brilliant bodies, which 
he called '* arthospores ". 

Stab cultures in gelatine are char- 
acteristic : there is a whitish growth 
along the needle track with gradual 
liquefaction, which at first is more 
marked near the surface, so that a 
funnel-shaped depression is formed 
from the resulting evaporation. 
Liquefaction is comparatively slow, 
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but after some days it has progressed so far as to destroy 
the appearance just described. 

On agar-agar there is a superficial 
slimy growth offering no special Non- ^fl^ 

features. Gelatine plates are very m^nai — fllHr 
characteristic, and by some are con- portion ^Igpr 

sidered to have a distinct diagnostic Fig. 12.— Islet of 

, mi- 1 • i_ Vibrio CholersB on a 

value. The young colonies show un- gelatine plate, in pro- 
even margins, and the surface looks cess of liquefaction, 
as if it were covered with little frag- ^^j:^^^]'' 
ments of broken glass. 

While the nutrient media on which the cholera spirilla 
are expected to prosper must be of a marked alkaline 
reaction, these organisms possess a notable capacity of 
accommodating themselves to acid media, provided the acid 
is of a vegetable origin. The surface of boiled potato has 
often a feeble acid reaction, and yet the vibrio develops on 
it at the body temperature (37° G.). 

Broth and milk are excellent media for the growth of 
this organism. It also grows readily in peptone water, 
forming indol and nitrites, which, on the addition of 
concentrated sulphuric acid, gives rise to a characteristic 
red colour {cholera-red or indol reaction). 

Although a resting stage is absent, yet these organisms 
are more resistant than is generally supposed. In fact, 
they are so little fastidious in their requirements that, 
between 17° G. and 40° G., they will grow on almost 
anything. They, however, thrive best from 35° C. to 
37° G., and especially if the medium is faintly alkaline. 

In sterilised distilled water the vibrios quickly die out, 
but the addition of common salt greatly prolongs their 
existence. When added to sewage they are soon over- 
powered by the vulgar saprophytic bacteria, but may live 
from two to four weeks. In ordinary moist soils they 
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remain alive from one to two months ; but in dry soil 
and peat they ^ie out in a few days. 

The vibrios thrive exceedingly well on carbohydrates 
{e,g„ rice), and on such fruits as melons and cucumbers. 
On the whole, however, the acidity of fruits favours the 
death of the organism. 

They are rapidly killed by desiccation, high temperature 
(55° G. for ten minutes), sunshine, and the ordinary anti- 
septics. 

Is the Cholera Vibrio the Specific Germ of Cholera ? — 
(1) It has already been remarked (see p. 60) that an import- 
ant evidence in favour of the specificity of an organism 
consists in the experimental production of disease by the 
use of pure cultures. Now, the lower animals appear to 
be immune to cholera, and it is, therefore, difficult to 
reproduce this disease by artificial means. In Bengal, 
where cholera is endemic, and where domestic animals 
live in close association with the people, the animals 
remain remarkably free from cholera. 

Koch thought that the acidity of the gastric juice and 
the intestinal peristalsis were the two conditions which 
prevented the organism from gaining a foothold in the 
intestine. To counteract these factors he neutralised the 
former with sodium carbonate, and paralysed the latter 
by an injection of opium. On subsequent inoculation 
with a cholera culture, he was able to produce in guinea- 
pigs a condition closely akin to cholera. The post-mortem 
appearances more or less resembled those of cholera, but 
it was noticed that the animals died without having 
vomited or passed watery evacuations. Ouinea-pigs, 
however, do not vomit ; and the absence of diarrhcsa is 
probably due to the extraordinary size of their caecum, 
which is capable of retaining considerable quantities of the 
intestinal contents. 
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Metschnikofif, struck by the faot that animsJs very sen- 
sitive to subcutaneous or intraperitoneal injections enjoyed 
an immunity against vibrios introduced by the mouth, 
thought that this protection was due to the influence of 
the intestinal flora. Having ascertained the fact that the 
intestinal canal of newly bom rabbits is almost sterile, he 
fed the young sucklings with cholera cultures, and was thus 
able to reproduce the classical symptoms of cholera. When 
the suckling stage is passed, the microbic contents increase 
with the change of food, and the results are far less satis- 
factory. 

But although the question of experimental inoculation 
is beset with many difficulties, there are on record many 
instances of accidental infection in man. In some of 
these cases a severe attack of cholera followed, and in 
others death resulted from the infection. On the other 
hand, several experimenters have swallowed cultures with- 
out any injurious effects. But this is in accordance with 
the fact that not every one exposed to cholera infection is 
attacked by the disease. 

(2) A criticism of a different kind comes from Cimning- 
ham of Calcutta, who denies the vibrionic unity of cholera, 
and contends that the organisms isolated from fresh 
evacuations are not of one, but of several species, dis- 
tinct morphologically and biologically. 

But these observations do not prove anything more than 
that cholera organisms are susceptible of great variations. 
Indeed, the variability of the cholera germ is observed not 
only in different cases of the disease, but also in the same 
case. Thus, when we examine the intestinal contents of 
a deceased cholera patient, we find vibrios *' in which the 
external forms, instead of the characteristic comma or 
spirillum, will vary between a coccus and a single thread ; 
the number and disposition of fiagella, the secretion of 
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aoids, and the form of growth on broth will vary ; there 
will be varieties which grow luxuriantly in given media, 
and others which do not grow there at all ; some will be 
phosphorescent in the dark and others not; some will 
give the indol reaction, and others will be deprived of 
this property, and so on" (Haffkine). 

(3) The specificity of the cholera spirillum has also been 
seriously called into question by the fact that vibrios 
closely resembling it have been detected in the drinking 
supplies of communities which were not suffering from 
cholera at the time. Thus, Sanarelli isolated thirty-two 
such vibrios from the drinking water at Versailles. They 
were of extreme variabiUty ; a few gave indol reaction, 
others did so after a few days, and the remainder not at all. 

The differential diagnosis of these organisms is a matter 
of considerable difficulty, but Pf eiffer has proposed a test 
which is satisfactory in most cases. This test depends on 
the fact that the serum of an animal immunised against 
cholera is protective against this organism, but not against 
any other species. Thus, if the mixture of an organism 
and the immunised serum be injected into the peritoneal 
cavity of a healthy guinea-pig, and a drop of the peritoneal 
fluid microscopically examined, the organism will be found 
swollen and disintegrated, if it belongs to the same species 
as that employed for immunising the animal. As a result 
it has been found that the majority of SanarelH's vibrios 
are the degenerate descendants of true cholera germs^ 
which, perhaps, existed in the course of a former epidemic. 
What is the precise origin of those organisms which, while 
giving all the reactions of the cholera vibrio, exist in 
localities where this disease has never appeared, is a 
question which cannot be satisfactorily answered. 

Of the numerous organisms more or less resembhng 
the cholera spirillum, there are two vibrios, which, on 
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account of their historic importance, deserve a passing 
notice. They are the spirillum of Fvnhler and Prior 
and the spirilltmi Metschnikovi. The former, obtained 
from the dejecta of patients suffering with cholera nostras, 
liquefies gelatine much more quickly than the cholera 
spirillum, and, unlike the cholera germ, grows upon potato 
at the room temperature. The spirillum Metschnikovi 
obtained from the intestinal contents of chickens also 
liquefies gelatine more rapidly than the cholera spirillum, 
and is fatal to pigeons, even in minute doses. 

Protective inoculation against cholera by Haffkine's 
method has yielded very promising results in India. 
For this purpose Haffkine prepares two vaccines or pro- 
phylactic fluids — one, a strengthened vaccine obtained by 
growing the virus in the peritoneal cavities of a series 
of guinea-pigs ; and the other, a mild vaccine obtained by 
passing a current of air over the strengthened virus, so as 
to weaken its pathogenic powers. The ordinary laboratory 
cultures are usually attenuated, but cannot be employed 
for inoculation, as they vary widely as regards their 
virulence. Hafifkine's vaccines, on the contrary, are ab- 
solutely ^^^ in their value, and herein lies the secret of 
the success of this treatment. 

The weakened vaccine is first inoculated, and is then 
followed by the strengthened vaccine. A slight reaction 
occurs after each inoculation, but in no case is there any 
danger to life. 



CHAPTER XV. 

TYPHOID. 

The organism of typhoid fever was demonstrated in the 
spleen by Eberth in 1881, and subsequently isolated and 
studied by Gafifky. It is, therefore, sometimes called the 
Eberth-Gaffky bacillus. Although it has not hitherto been 
possible to exactly reproduce the disease in animals, this 




Fig. 13.— Bacillus Typhosus. 

[From Curtis's Essentials of Practical Bacteriology.] 

organism is nevertheless recognised as the veritable germ 
of typhoid fever. 

The B. typhosus occurs as a short fat rod, about 2 ft 
long, and with rounded ends. It is actively motile, and 
possesses about ten to twenty flagella arranged round the 
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entire periphery of the organism. It does not form spores, 
and is stained with aniline dyes, but not by Gram's method. 
In gelatine plate cultures small white colonies appear 
in two or three days, the surface of which are covered 
with lines and grooves not unlike '*the veining of a vine 
leaf ". A uniform turbidity is produced in bouillon, but 
the growth is most luxuriant in agar and glycerine-agar. 
On potatoes, having an acid reaction, there is an ** invisible 
growth," which is said to be highly distinctive. Milk is 
not coagulated, but a slight acidity is produced. 




Pig. 14. — Bacillus Typhosus. Gelatine plate culture. 

[From Curtis* s JSssentials of Practical Bacteriology.] 

The typhoid bacillus is peculiarly resistant, and may 
linger a long time upon clothing, in stools, and in the soil. 
It resists the action of gastric juice for several hours, but 
is rapidly killed by sunlight and various disinfectants. 

As animals do not suffer from typhoid fever it is not 
easy to reproduce this disease by inoculation. However, 
by increasing the virulence of germs hy various means, it 
is possible to obtain cultures which are truly pathogenic 
for animals. On the other hand, attenuated cultures 

6 
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of typhoid bacilli may suffice to produce the disease if the 
resistance of the animals has been previously lowered by 
making them inhale sewer gas. 

The bacillus occmrs constantly in typhoid stools, in 
the intestinal lesions, as well as in the spleen and liver. 
It is rarely fomid in the blood. Locating itself in the 
intestine it produces poisonous substances, which give rise 
to fever and the other specific lesions. During the exist- 
ence of the disease the system reacts in a peculiar manner, 
the exact significance of which is not sufficiently known. 
The reaction has been studied by Widal, who showed 
that the serum of typhoid patients causes the bacilli to 
lose their motility said aggregate into clumps.^ This is 
the principle of the serum diagnosis of typhoid, which is 
now extensively employed for the differentiation of this 
disease. 

Protective inoculation against typhoid with the serum 
of immunised animals has been largely practised by 
Wright. The subject is still in the experimental stage, 
but the results hitherto obtained are certainly encouraging. 

Bdation to Bacillus Coli Comnmnis, — The B, coli com- 
munis, or the ''colon bacillus," is an organism almost 
identical with the B, typhosus in its general appearance, 
and it becomes important to distinguish the one from the 
other. The colon bacillus, however, is shorter, has fewer 
flagella, forms a thick yellow layer on potato, produces 
gas, and gives the indol reaction. 

It is a normal inhabitant of the humsm intestine, and is 
usually harmless. But it becomes significantly abundant 
in cholera and various forms of enteritis. It sometimes 

^ Agglutination is also well seen in cholera, plague, and dysentery. 
The phenomenon may i>e studied under the microscope or in a test 
tube, in which case the clumps settle in the fluid in the form of 
sediment (** sedimentation "). 
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escapes from the bowel wall, especially when the latter 
is injured, and may give rise to peritonitis. It becomes 
yirolent during the presence of typhoid fever, and is the 
common cause of the suppurative processes occurring in 
the later stages of this disease. 

The close relationship between the typhoid and colon 
bacilli makes it highly probable that both organisms are 
derived from a common ancestor. As a matter of fact, 




Pig. 16. — A, Bacillus Typhosus. B, Bacillus Ooli Communis. 

[From Curtis's Essentials of Practical Bacteriology, "[ 

they may be said to form one great group, out of which 
the typhoid bacilli have arisen by natural selection. How 
far the B, typhosus is helped by colon bacilli in the pro- 
duction of enteric fever is a question on which there is a 
considerable diversity of opinion. But it may be affirmed 
that the B. coli comnmnis does bring about some of the 
symptoms of this disease, as it is met with in practice. 



6* 



CHAPTEE XVI. 

TUBERCULOSIS. 

TuBEBCULOSis was regarded as an infectious disease even 
by the older physicians ; but it was Koch who, in 1882, 
discovered the specific organism and established the fact 
that without the B, tuberculosis there could be no tubercle. 

Tubercle bacilli {Frontispiece, Fig. IV.) are fine rods 
having a length of about half the diameter of a red-blood 
corpuscle, and occur singly or in pairs. They take up the 
ordinary stains very slowly, but after being stained they are 
not decolorised even by mineral acids (** acid-fast "). When 
stained, they are frequently beaded, the unstained portions 
probably representing the vacuoles rather than spores. In 
old cultures the bacilli tend to be filamentous, and may also 
show true branching, or they may be swollen at one 
extremity. These appearances have been variously in- 
terpreted ; Metschnikoff holding that '' the bacillus, as 
ordinarily met with, is not the end-stage, but only a 
stage in the developmental cycle of a filamentous 
fungus *\ Other observers, on the contrary, regard these 
aberrant forms as mere degenerative changes which nor- 
mally occur in the life-history of an organism. 

Being a typical parasite, the organism grows on blood 
serum, but not on ordinary media. These, however, can 
be made available for its culture by the addition of 
glycerine. It will then grow on bouillon, agar, potato, 
and even on such substances as carrot and macaroni. 
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The growth on glycerine-agar 
is highly distinctive : small 
dry scales appear at the end 
of two weeks, which finally 
coalesce and form a white 
wrinkled membrane. The 
growth on blood serum is 
similar, but proceeds more 
slowly. 

Although spore formation 
has not been demonstrated, 
tubercle bacilli are fairly resis- 
tant outside the body. They 
remain aUve in dried sputum 
for two to three months, and 
resist the action of gastric 
juice and putrefactive bacteria. 
On the other hand, they are 
easily destroyed by sunhght 
and various germicides. Like 
other pathogenic germs which 
exist in milk, they are killed by 
the heat of '* pasteurisation'* 
(70° 0. for thirty minutes). 

Pathogenesis, — Tuberculo- 
sis can be readily produced 
in various animals by sub- 
cutaneous or intraperitoneal 
injections, or by feeding the 
animals with cultures, or by 
making them inhale the dried 
bacilli. Subcutaneous injec- 
tion, however, is the mode 
commonly employed for diag- 




FiG. 16. — Bacillus Tubercu- 
losis. Glycerine-agar cul- 
ture, several months old. 

[From Curtis' 8 Essentials of 
Practical Bacteriology.] 
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nostic purposes in the case of sputum or urine suspected 
to be tuberculous. Thus, when tuberculous sputum is in- 
troduced beneath the skin of a guinea-pig there occurs a 
local tuberculosis at the seat of inoculation, followed by 
infiltration of the lymphatic glands, which progresses in 
a definite order. The animal becomes emaciated, and 
finally succumbs to general tuberculosis in the course of 
six to twelve weeks. 

In the case of intraperitoneal injections there are no 
local manifestations, and death is more rapid. 

Besides guinea-pigs, rabbits, birds and most domestic 
animals can be infected with tuberculosis, although man, 
the monkey and cattle are most subject to the disease. 

In mam, the disease mostly results from inhalation of 
the dried tubercular sputwm. Such sputum usually con- 
tains living bacilli for several months, and is very infective. 
It has been demonstrated that in the dust of consumption 
hospitals bacilli are present in sufficient numbers to 
induce tuberculosis in guinea-pigs. According to Fliigge, 
an important source of infection is to be found in the 
fine atoms of moisture discharged by consumptive patients 
during coughing and sneezing. Their existence can be 
readily demonstrated by holding a mirror before the face ; 
but they do not generally pass further than about twenty 
inches from the patient. 

Another mode of infection is from the ingestion of 
tuberculous rmlk or meat. But Koch has recently de- 
clared that human tuberculosis is different from the 
bovine, and that man is so rarely infected from the 
latter that it is unnecessary to take any measures against 
it. These views have not yet been confirmed — ^they are, 
indeed, open to grave doubt — and in the meanwhile it will 
be best not to relax our precautions in this matter. 

Toxins, — It has been found that intravenous injections 
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of dead tubercle bacilli in rabbits give rise to pnlmonary 
tuberculosis, which closely resembles the lesion produced 
by the living organisms. It thus appears that the toxins 
of B, tiiberculosis are chiefly intracellular, that is to say, 
are contained in the bacterial cell, and do not diffuse into 
the surrounding medium. 

Koch's original " tuberculin,** which is the filtered 
glycerine-broth culture of the organism, probably con- 
tains certain toxins derived from the bacilli. It has no 
effect on healthy persons ; but, if tuberculosis or lupus 
is present, fever and local necrosis round tubercular 
deposits follow its injection. The reaction is not 
specific, for it is also produced when the person is 
suffering from syphilis, and when milk and ricin are 
substituted for tuberculin. The tuberculin reaction, how- 
ever, is extremely useful in detecting latent tuberculosis 
in cattle, and, for this purpose, is largely employed on the 
Continent. 

Koch has recently introduced other tuberculins, which 
are a considerable improvement on his original pre- 
paration. The most important of these is the *' tuber- 
culm B,** (T. E.), which is prepared by repeatedly crushing 
the dried bacilli, so as to extract their intracellular toxins. 
This tuberculin has been used in early phthisis and lupus, 
but without any satisfactory results. In the laboratory, 
however, it has proved successful in conferring immunity 
on guinea-pigs experimentally inoculated with the tubercle 
bacillus. 

Eelation of the Human Tubebolb Baoillub to 
Allied Obganisms. 

(1) Avian Tubercle BaoUlus, — The organism of avian 
tuberculosis is apparently similar to the human tubercle 
bacillus, but differs from it in some essential particulars. 
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In addition to oertain morphological and biological differ- 
ences, an important point with regard to this organism is 
that it is pathogenic for fowls and harmless for man. 

The two types of bacilli, however, do not form distinct 
species, but are only varieties modified by growth in tbe 
tissues of different hosts. This is now established by the 
experiments of Nocard, who, by growing human tubercle 
bacilli in the peritoneal cavities of a series of fowls, was 
able to convert them into the avian t3rpe. 

(2) Bovine Tubercle Bacillus, — As has already been 
remarked, Koch recently stated that the bacilli of human 
and bovine tuberculosis are essentially different from each 
other. He, therefore, believes that human tuberculosis 
differs from the bovine, and cannot be transmitted to 
cattle. This is nowadays accepted by most authorities. 

But the converse of the proposition, ».«., the insuscepti- 
bility of man to bovine disease, has not been definitely 
proved. On the contrary, cases have frequently been re- 
corded in which man has been accidentally inoculated with 
the bovine tubercle. The question, however, must be 
regarded as sub judice, although most workers are dis- 
inchned to accept Koch's observations. 

(3) Recently, certain organisms have been obtained from 
various species of grass, milk and manure, which bear a 
remarkable resemblance to the tubercle bacillus. They 
present the same staining reactions {acid-fast), and on 
inoculation into guinea-pigs give rise to tubercle-like 
nodules. But unlike tubercle bacilli they grow quickly 
on artificial media, showing that these organisms are 
not parasites. 



CHAPTER XVII. 

LEPROSY. 

The essential cause of leprosy is an organism, the hacillus 
leprcBy discovered by Hansen in 1879. It closely resembles 
the organism of tuberculosis in form and staining re- 
actions, although differing from it in some essential 
particulars. Both bacilli are "acid-fast," and their 
pathological lesions are more or less alike. But the 
leprosy bacilli are somewhat thinner, stain more easily, 
and are usually arranged in bundles. They lie chiefly in 
the lepra cells, but may also be seen in the lymph spaces 
(Frontispiece f Fig. V.). They are never found free in the 
blood, a fact which may explain the chronic nature of the 
disease and the difl&culty of its communication to healthy 
subjects. 

The bacilli are present in the discharges from ulcers, 
and probably also in the nasal and saHvary secretions. 
Nothing is known of their distribution outside the body. 
They have not been detected in the soils on which the lepers 
reside, or in the water in which they bathe. Exami- 
nations of fish have also given negative results. Flies 
feeding on leprous ulcers fail to show the bacilli. 

The leprosy bacillus has not been cultivated outside the 
body, and all attempts to reproduce the disease in animals 
have failed. Some experiments have been made by inocu- 
lating with portions of leprous tissue the vascular combs 
of fowls and the anterior chambers of rabbits' eyes, but 
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beyond a local infiltration no other results followed. In 
no case a definite generalised leprosy has, thus far, been 
produced. 

But this only shows that leprosy is essentially a human 
disease and does not occur in lower animals. The failure 
to cultivate the specific bacillus outside the body is pro- 
bably due to the fact that the organism, being a strict 
parasite, requires a more specialised pabulum than that 
afforded by our artificial media. Although the exact proof 
of an etiological relationship is wanting, the universal 
presence of the bacilli in the tissues, its absence in healthy 
persons, and its intimate association with the pathological 
lesions, warrant the assumption that it is the essential 
cause of leprosy. 



OHAPTEE XVIII. 

ACTINOMYCOSIS. 

This disease, which occurs commonly in cattle, and not 
unfrequently in man, is caused by a specific organism — 
the streptothrix actinonvyces, or the "ray fungus ". This 
is not a true bacterium, but a streptothrix, and is charac- 
terised by a filamentous growth which gives rise to a 
felted mass of structure. The individual filaments are 




Pig. 17. — An Actinomyces Granule. Unstained preparation. 

[From Schenk's Bacteriology, 

frequently branched, and at the free ends may show pear- 
shaped swellings (** club formation "). Occasionally the 
threads segment into coccus-like bodies, from which new 
individuals develop. 

The fungus grows on barley and other cereals, and by 
these means infects both men and animals. It gains 
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access to the tissues chiefly through abrasions of the 
mucous membrane of the mouth, but there is no tissue 
or organ which may not be attacked by the fungus. In 
cattle the disease is usually localised, and is of the forma- 
tive type. A favourite seat of lesion is the tongue, which 
becomes extremely hard and indurated ("wooden tongue "), 
but the palate and skin may also be attacked. 

In man the disease frequently affects the lower jaw, 
but the inflammatory tissue, instead of forming nodules, 
usually breaks down into pus and gives rise to abscesses. 

Actinomyces grows in tissues in round yellowish masses, 
which are just visible to the naked eye, and appear like 
grains of iodoform. If one of these bodies be flattened 
out and examined under the microscope it is seen to be 
made up of a central network of branching filaments 
enclosing coccus-like bodies, and forming at the periphery 
a fringe of club-shaped processes. The clubs are formed 
by the swelling of the sheath of the fungus, as the result 
of degenerative changes. They are frequently calcified, 
and are more often met with in the bovine than in the 
human variety of the disease. 

The fungus readily grows on artificial media. On agar 
the colonies are discrete, of a yellow beeswax colour, and 
usually very hard. On potato the growth is abundant 
and of a yellowish or brownish colour. Bread paste is 
also a favourable medium. 

The results of inoculation are frequently unsatisfactory. 
The fungus has not been found outside the body, and 
nothing is known of its life-history. 

Madura Disease, — This is a chronic local affection, fre- 
quently affecting the foot, which is enlarged and shows 
numerous fistulous openings discharging a thin sanious 
liquid containing peculiar cellular bodies. These are 
sometimes of a yellowish and sometimes of a black 
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colour, and on this account the white and black varieties 
of the disease are recognised. 

When examined under the microscope the little bodies 
are seen to be fungoid in nature. It appears that the 
two varieties are not caused by the same organism, but 
by distinct species of streptothrix, both of which, however, 
are closely related to the actinomyces. 

As in actinomycosis, the disease is communicated 
through the skin when the latter is injured by thorns, 
prickly plants, etc., infected with the fungus. 



CHAPTER XIX. 

DIPHTHERIA. 

If a seram tube be inoculated with a swabbing from the 
throat of a patient suffering from diphtheria, and then 
incubated at SI"" C, a growth takes place in the course 
of a few hours. On staining with methylene blue the 
specific organisms, or KLebs-Loffler bacilliy are readily 




Fig. 18. — Bacillus Diphtherise. A, long variety ; B, short form. 

[Prom Curtis's Essentials qf Practical Bacteriology, "[ 

seen under the microscope. Their presence is diag- 
nostic of the disease, but their absence does not prove 
the contrary. 

The bacilli occur as straight or slightly curved non- 
motile rods, which are frequently '' clubbed *' at one or 
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both extremities, and show 
a '' beaded " appearance on 
staining. In film preparations 
the organisms are usually ar- 
ranged in characteristic groups 
(Chinese letter formation). 
The individual bacilli may be 
long or short; and various 
involution forms may not un- 
frequently be seen in the same 
culture. These irregular forms 
are very commonly observed, 
and may be said to be charac- 
teristic of this organism. 

The diphtheria bacillus is 
aerobic and does not form 
spores. It grows best on 
blood serum, although it can 
also grow on gelatine, agar, 
broth, and other media. On 
blood serum small circular 
white colonies develop within 
a few hours. Similar colonies 
also develop on agar-agar, but 
the growth takes place rather 
less rapidly. In broth it pro- 
duces a turbidity which, how- 
ever, soon settles to the bottom. 
Milk is a favourable medium 
and may serve as a carrier of 
infection. 

The organism is rapidly 
killed under the influence of 
light, heat, and various germi- 




FiG. 19. — BaciUus Diph- 
therise. Pure culture on 
serum, about 86 hours old. 

[From Curtis's EasenticUs of 
Practical Bacteriology,'] 
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cides, but in a dried diphtheritic membrane it may retain 
its vitality for weeks or months. 

Diphtheria is essentially a local disease, the spedfic 
bacilli being present only at the seat of inoculation, and 
very rarely in other tissues. There they manufacture 
the toxins which, being absorbed into the blood, produce 
the cUnical symptoms of the disease. The paralytic 
symptoms which occur in the course of the disease have 
been experimentally produced in animals by the use of 
separated toxins. But it appears that the bacilli, even 
in pure cultures, cannot induce the formation of a false 
membrane unless the mucous membrane is directly in- 
jured. It is, probably, in this manner that the pyogenic 
cocci, so frequently met with in the false membrane, 
injure the tissues and pave the way for diphtheritic 
infection. The cocci grow side by side with the specific 
organisms, and may thus increase the virulence of the 
latter, and bring about some of the complications of this 



The antitoxin or serum treatment has proved eminently 
successful in the cure of diphtheria. But the treatment, 
to be successful, must be commenced at the earliest 
opportunity in order to prevent the combination of the 
toxin with the tissue elements, for which it has a 
selective afl&nity. As the interval between infection and 
the introduction of antitoxin increases, so the value of 
the latter rapidly diminisl^s, till finally it can no longer 
prevent death. The antitoxin, however, only neutralises 
the toxin of diphtheria, and has no action against the 
septic symptoms produced by the associated streptococci. 
For this reason it has been recommended to administer 
antistreptococcus serum along with the diphtheria antitoxin. 

Organisms are occasionally met with in healthy throats 
which are indistinguishable from the true diphtheria 
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bacilli in their morphological and cultural characters, 
but differ from them in the fact that they are non- 
virulent. It has been suggested that these pseudo- 
diphtheria bacilli form a distinct species, but the balance 
of opinion inclines to the view that they are merely the 
attenuated forms of the Klebs-Loffler bacillus. 



CHAPTER XX. 

GLANDERS. 



Glanders occurs chiefly among horses and asses, but may 
be communicated to persons associated with the infected 
animals, such as stablemen and grooms. The infective 
material is present in the discharges from the nostrils and 
in the pus from the nodules. 
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Fig. 20. — Glanders Bacilli in a section of lung. ' 

[From Curtis' s Essentials of Practical Bacteriology.] 

The exciting cause is a bacillus somewhat shorter and 
thicker than the tubercle bacillus. The bacillus mallei 
stains readily with the ordinary dyes and frequently 
shows a "beaded" appearance on staming. It is de- 
colorised by Gram's method of staining. It is a strict 
parasite and does not form spores. 
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The jB. mallei does not grow in infusions of hay or horse 
manure, but can be cultivated in glycerine-agar and blood 
serum. The growth on potato is very characteristic. On 
this medium, at incubation temperature, the growth 
readily appears as a honey-like layer, which later changes 
to a brownish or chocolate colour. 

Glanders can be easily communicated to laboratory 
animals, and accidental infection in man has frequently 
been recorded. It is said that lions and tigers in mena- 
geries have contracted the disease from being fed on the 
flesh of infected animals. 

Drying, high temperature, and antiseptics quickly kill 
the glanders bacillus. The organism has never been found 
outside the body. 

A toxic substance {mallein) has been obtained from 
cultures of the bacillus. This, when injected into infected 
animals, acts like tuberculin when used for the detection 
of tuberculosis. 



CHAPTER XXI. 

INFLUENZA. 

The bacillus of influenza was discovered by Pfeiffer, in 
1892, in the purulent bronchial secretions of infected 
patients. It is the shortest of all known bacilli, and on 
account of its minute size may be mistaken for a coccus. 




Fig. 21. — Influenza Bacillus. From a film prepared from 
influenza sputum. 
[From Curtis's Essentials of Practical Bacteriology,'] 

The bacilli are usually arranged in chains. They are 
aerobic and do not form spores. 

Artificial cultures are made with difficulty. The best 
medium is blood-agar, which, after inoculation with the 
sputum, shows characteristic colonies at the end of twenty- 
four hours. These, when observed with a lens, are seen 
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to consist of minute transparent dots, like drops of dew, 
which always remain separate from each other. "This 
feature is so characteristic that the influenza bacilli can be 
thereby with certainty distinguished from other bacteria *' 
(Eitasato). 

The influenza bacillus is quickly destroyed by anti- 
septics and drying, although in the moist sputum it 
may remain aUve for two to three weeks. 

Although the disease cannot be reproduced in animals, 
there can be little doubt that Pfeiffer's bacillus is the essen- 
tial cause of influenza. The bacilli are mainly localised 
in the respiratory tract, where they produce their toxic 
metaboHc products which, as in the case of B, diphtheria, 
havd a selective affinity for the nervous tissue. 



CHAPTER XXII. 

PLAGUE. 

The bacteriology of this disease has been worked out only 
within the last few years. The specific organism was dis- 
covered in 1894 by Kitasato and Yersin, being constantly 
met with in the enlarged glands, blood, and internal 
organs. In the pneumonic form of the disease it is pre- 
sent in the sputum. 

In form the bacilliis pestis (Frontispiece y Fig. VI.) is a 
short oval rod, rounded at both extremities. In specimens 
from blood it is usually arranged in pairs, giving rise to the 
appearance of diplococci. But in artificial cultivations it 
frequently forms chains of varied lengths. 

It is readily stained by aniline dyes, but the extremities 
take on a deeper hue than the intervening portion {** polar 
staining"). It does not form spores, and, according to 
Kitasato, is actively motile. 

In cultivations the organism is especially prone to 
undergo degenerative changes and give rise to various 
involution forms. It, however, grows well on ordinary 
media. In broth it gives rise to a granular deposit on the 
sides and bottom of the tube. On agar-agar (and better still, 
on glycerine-agar) it forms an abundant cream-coloured 
growth which, when viewed from behind, presents a dull, 
silvery appearance. Haflfkine has found that if broth 
cultures, containing a httle ghi or cocoanut oil, are kept 
absolutely at rest, the organisms grow in a most charac- 
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teristic fashion. They attach themselves to the floating 
drops of butter forming little islands of growth, from 
which they grow down in the medium in the form of long 
threads producing the appearance of stalactites. If the 
culture be shaken the stalactites fall to the bottom, but 
they are reformed on subsequent inoculation. 

The disease can be communicated to most laboratory 
animals, but rats and mice are particularly susceptible. 
As is well known, the epidemic is frequently preceded 




Fia. 22. — Bacillus Pestis. Culture in butter broth showing 
stalactites. 

and accompanied by the sudden death of many of these 
animals. It is stated that the nomadic tribes on the 
northern slopes of the Himalayas, even to-day, when they 
observe an extraordinary number of dead rats, are so cer- 
tain of an approaching epidemic that they immediately 
vacate their quarters and shift elsewhere. 

Monkeys can be easily inoculated with the plague— a 
single puncture with a needle dipped in a culture of B, 
pestis being sufficient. The importance of this observation 
in relation to infection in man is self-evident. 
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Plague bacilli have been detected in the dead bodies of 
fleas, but the majority of observers agree that suctorial 
insects play no part in the transmission of the disease 
to man. 

Birds and bovines are immune. It is probable that 
vultures feeding on the corpses of the plague-stricken 
suffer no ill effects, but they may spread the disease by 
means of their excreta. 

like other spore free organisms the bacilli are readily 
killed by desiccation, heat, and ordinary antiseptics. A 
solution of sulphuric acid (1 in 250) is especially recom- 
mended by Hankin as a cheap and efficient germicide. 
The bacilli are also destroyed by direct sunlight in three 
or four hours. But it is doubtful if any of these measures 
can be absolutely relied upon during an epidemic. 

On account of their slight resistance and absence of 
spores infection usually occurs by close contact. The 
skin is the most frequent path, a sHght wound or abrasion 
being sufficient for inoculation. In a few instances the 
disease may be produced by the entrance of bacilli into 
the respiratory passages, the organisms being transmitted 
not in the form of dust, but in small drops of moisture 
diffused by plague patients {Flugge's drop infection^ see 
p. 86). 

It is improbable that in human subjects infection ever 
takes place by means of ingesta, although experiments 
in animals have yielded positive results. 

In regard to the spread of the disease from infected 
cases, it may be stated that the bubonic variety is rela- 
tively unimportant, for in this case the bacilli are locked 
up in the buboes, and when these break down into pus 
most of the bacilli likewise perish. In septicaemic cases, 
on the other hand, the bacilli escape from the circulation 
and pass out of the body by means of sputum, urine. 
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stools, etc. It is for this reason that the pneumonio 
form of plague so frequently leads to the spread of in- 
fection. 

Prophylactic Measures. — In addition to isolation, disin- 
fection, and other sanitary measures, an important point 
is the destruction of rats and mice. Whether the infection 
is carried to man directly through external wounds, or 
indirectly by means of fleas infesting rats, is not clear. 
But whatever be the precise mode of human infection 
there can be little doubt as to the immense danger of 
harbouring infected rats in a locality. Eats can be ex- 
terminated by the usual methods, or by soaking bread 
with " Danysz rat virus,'' which is the culture of a 
virulent variety of an organism allied to the B, coli 
communis. 

As regards specific prophylaxis, Haffkine's vaccine may 
be recommended. For, although absolute protection is 
not afforded by the inoculation, both the incidence and 
case mortality are considerably less in the inoculated than 
in the uninoculated. The duration of protection is said 
to be about six months. 

The vaccine is essentially a sterihsed culture of the 
B» pestis in broth (prepared from goat's flesh), the 
microbe being grown in it for four to six weeks. The 
flasks are shaken every few days so as to break the 
stalactite growths and induce fresh crops. The culture 
is then sterilised, and a small quantity of antiseptic 
added. 

Haffldne's prophylactic fluid thus contains not only 
the dead organisms, but also the broth in which they 
have been cultivated. In other words, it is a mixture 
of intra- and extracellular toxins, although it is doubtful 
if the organism forms any soluble poisons. The fluid, 
when introduced into the body, is assumed to produce 
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antagonistic substances which neutralise the infective 
agent should it attack the individual. 

Various curative sera (Yersin's, Lustig's) have been 
tried, but without much success. The antitoxic treat- 
ment of plague; therefore, cannot be regarded as a success. 



CHAPTER XXIII. 

TETANUS. 

The bacillus tetani, which was first isolated by Kitasato, 
is a slender organism usually growing in the form of long 
threads. The threads are motile, but after growing for 
some time at 37° C. the motility ceases and the spores 
are formed. These are rounded in form and are situated 




Fig. 28. — Tetanus Bacilli and Spores. 

[From Curtis' s Esaeyitidla of Practical Bacteriology. "l 

at one end of the bacillus, giving it the appearance of a 
'* drumstick". 

This organism differs from those we have studied 
previously in the fact that it only grows in the absence 
of oxygen {obligatory ancerobe). It may be cultivated in 
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an atmosphere of nitrogen (obtained by absorbing oxygen 
by alkaline permanganates), hydrogen, or carbon dioxide 
gas. The growth takes place in ordinary media, but the 
addition of grape sugar gives better results. 

In glucose-gelatine stab cultures the growth takes place 
along the track of the needle, but at a considerable distance 
below the surface, in the form of a radiating outgrowth. 
The medium is liquefied, and some gas may be produced. 
In gelatine plates the colonies are very characteristic : 
there is an opaque central portion which is surrounded 
by a series of radiating filaments. The growth also occurs 
in bouillon and gives ofif a peculiar foetid odour. 

The spores of the tetanus bacillus are extremely re- 
sistant. They withstand desiccation for months, and are 
uninjured after exposure to 80° C. for one hour, but are 
rapidly killed at 100° C. They resist for many hours 
the action of 5 per cent, carbolic acid, or 1 in 1,000 of 
corrosive sublimate; but the addition of a little hydro- 
chloric acid to these substances readily brings about their 
destruction. 

The bacillus leads a saprophytic existence in garden 
soil and in dung heaps, whence it finds its way into the 
human organism. But the bacillus alone is unable to 
give rise to infection — it must be introduced with the 
pyogenic cocci {mixed infection) y or there must be some 
injury to the tissues before it is enabled to gain a foothold 
and produce disease. 

The organism is not found in the blood and tissues, 
but remains localised at the seat of inoculation. In this 
situation it manufactures the toxins which enter into 
direct combination with the central nervous system, and 
thus give rise to the characteristic symptoms of the 
disease. Wassermann, by mixing tetanus toxin with an 
emulsion of spinal cord, found, on inoculation into guinea- 
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pigs, that the mixture was no longer toxic. This shows 
that there exist in the central nervous system certain 
molecules with a combining affinity for the tetanus toxin. 
The experiment affords an interesting confirmation of 
Ehrlich's hypothesis of immunity (see p. 124). 

The results of serum treatment are not so satisfactory 
as in diphtheria. This is due to the fact that, unlike the 
latter disease, tetanus cannot be diagnosed sufficiently 
early to allow the antitoxin to have its full scope. An 
apparently trivial wound is often neglected, and the 
patient does not come for treatment until the disease 
is far advanced. 

Attempts have recently been made to obtain better 
results by the intracerebral injection of antitoxin, which 
is also injected hypodermically at the same time. '* The 
intracerebral injection immunises the higher nerve centres 
before the toxin has been fixed there. The antitoxin given 
hypodermically renders the blood antitoxic, and the toxin, 
as it becomes absorbed from the source of supply — wound, 
bruise, or any other source — is neutralised as soon as it 
enters the blood " (Semple). 

A few successful cases have been recorded as the result 
of this treatment. 



CHAPTER XXIV. 

MALABIA. 

The parasite which is now universally acknowledged as 
the cause of malarial fevers is not a bacterium, but a pro- 
tozoon called Plasmodium or hamanuBha malaria. This 
organism, which is quite unlike any we have considered 
before, was discovered by Laveran in 1880. He noticed 
that it developed in, and at the expense of, the red-blood 
corpuscle, which was finally reduced to a mere shell, the 
parasite appropriating the haemoglobin and blooming 
into a "rosette". Subsequently, Golgi discovered that 
these marguerite-like bodies represent the reproductive 
stage of the parasites, which, moreover, were of various 
kinds. He also demonstrated the remarkable fact that 
the malarial paroxysm always coincided with the sporula- 
tion of a group of parasites. This cleared up the mystery 
of the periodicity of this disease ; but an important ques- 
tion still remained to be answered. How did these 
organisms enter the human body? Hanson, in 1896, 
suggested that the mosquito probably subserved the 
malarial parasite in the same way as it did in the case 
of filaria noctuma. The truth of this hypothesis was 
subsequently confirmed by Ross's experiments, which 
showed that a particular species of mosquito served as 
the carrier of this disease. 

The malarial parasite is a unicellular organism consist- 
ing of protoplasm, a nucleus, and a nucleolus. It possesses 
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FiQ. 24. — Schema showing the Human and Mosquito Cycles of the 
Malaria Parasite. 

A, normal red cell. 

B, G, D, E, red cells containing malaria parasites. 
P, G, H, sporocytes. 

Z\ K', L', M', male gametes. 

J", K", L", M", O, female gametes. 

N', N", microgametes. 

P, travelling vermicule. 

Q, R, S, T, young zygotes. 

U, mature zygote containing blasts. 
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two cycles of development, one in man and the other in 
the mosquito. In the human host it propagates by the 
asexual mode of reproduction; but the species is per- 
petuated by its passage through the mosquito, in which 
the reproduction is a sexual one. As has just been stated, 
it is by means of this insect that the parasite passes from 
man to man. 

Developmental Cycle in Man, — In its earliest stages the 
malarial organism is seen as a hyaline amceboid body in 
the substance of the red corpuscle. The organism in- 
creases in size and converts the hsBmoglobin into melanin, 
which it appropriates to itself. 

When the full maturity is obtained it becomes either a 
sporocyte (sporulation form), or a gametocyte (sexual form). 
In the former case it divides into a number of segments 
or spores, which, by the rupture of the corpuscular host, 
are set free to attack fresh corpuscles, and there to undergo 
a similar cycle of changes. The melanin, which is also 
discharged into the blood plasma along with the spores, 
is ingested by the leucocytes. The sporulation of a group 
of parasites is accompanied by a paroxysm, which is pro- 
bably due to certain toxins liberated at the same time. 

The Mosquito Phase, — The gametocytes, on the other 
hand, show no segmentation, but circulate unchanged in 
the blood. They represent the sexual forms of the organ- 
isms, and become active when transferred to their definitive 
host, the mosquito. When, therefore, they are imbibed 
by a mosquito biting a malarial subject, they burst from 
their corpuscular host, and lie free in the stomach cavity 
of the mosquito. The male gametocyte now emits a 
number of active motile filaments called microgametes. 
Some of these spermatozoon-like bodies become detached, 
and entering the female sexual elements, bring about 
their fecundation. The resultant fertilised body becomes 
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elongated and pointed at one extremity, and also exhibits 
motility. It is called the travelling vermicule or zygote. 
It works its way through the mass of blood and the stomach 
wall, finally arriving at the outer surface of the organ. 
Here it becomes encysted and develops a large number 
of delicate spindle-shaped cells called blasts. The capsule 
then ruptures, and the blasts are discharged into the body 
cavity of the insect. These are finally carried by the cir- 
culation to the salivary gland of their host, whence they 
pass through the salivary duct into the proboscis of the 
insect. When the mosquito again bites an individual 
the salivary secretion passes into the wound, and so the 
blasts enter into the circulating blood of the human host 
and give rise to the amoeboid organisms. These enter 
the red corpuscles and pursue the developmental cycle 
described above. 

The mosquitOy or gnat, belongs to the genus culicidcBy of 
which numerous species are extant. From a medical 
point of view, only two varieties are important, the culex 
and the anopheles. In the early stages of existence, viz.^ 
as ovum, larva, and pupa, the mosquito is aquatic ; but 
the mature insect or imago is aerial. 

The culex or the common house mosquito is found 
almost everywhere. Its ova are usually arranged in 
boat-shaped masses, and the larvae usually live in pots, 
tubs, and other artificial collections of water. In the 
adult insect the wings are unspotted, the palpi short, 
and, when at rest, it is usually found parallel to the 
wall. 

The anopheles, on the other hand, is rarer, and serves 
as the definitive host of the malarial parasite. It is not 
domestic in habits like culex, but breeds in puddles, rice- 
fields, or other similar collections of water. The ova 
are generally in star- shaped or irregular masses, but the 
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grouping is never boat-shaped. The full-grown anopheles 
is more graceful than culex, its palpi are long and the 
wings are dappled with dark spots. It is nocturnal in 
its habits, and only visits habitations in the evening. 
Both sexes feed on fruit; but the female alone sucks 
blood from men and other animals. 

Varieties of the Malarial Parasite. — Three distinct 
species of the malarial parasite are recognised, each of 
which gives rise to a specific type of infection. 




Fig. 25. — Anopheles Claviger. 

[From Celli's Malaria,] 

1. The Parasite of Tertian Fever. — The tertian parasite 
is fully matured in about forty-eight hours, and the 
sporulation of a group of organisms occurs at the same 
time, giving rise to the characteristic paroxysms every 
third day. During its development certain forms are 
evolved, which are highly characteristic. 

If a specimen of blood from a case of tertian fever be 
examined at or before the period of rigor, it will be 
observed that many of the red corpuscles contain small 
hyaline forms actively changing their shape and position 
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in the interior of the cells. These bodies represent the 
earliest stages of the parasite, and are derived from the 
segmentation of the preceding group of the organisms. 
As the parasite increases in size, pseudopodia are pro- 
truded and retracted, so that various characteristic forms 
arise. Usually a single parasite is contained in a cell, 
although occasionally two or more are seen. 

The next stage in the development of the organism is 
the collection of dark-brown pigment, which it derives 
from the haemoglobin of its host. The pigment granules 
are more marked at the periphery than at the centre, 
and their active " brownian " movement constitutes an 
important feature of the organism. 

As the parasite matures, it becomes larger in size, more 
pigmented and less amoBboid, until the latter characteristic 
is altogether lost. The pigment now becomes coarser, 
and, instead of being distributed eccentrically, is now 
scattered through the protoplasm of the parasite. At 
the same time the infected blood cells are decolorised, 
so that they appear as pale rims encircUng the mature 
parasite. 

The nutritive supply within the blood corpuscle being 
exhausted, the parasite now proceeds to sporulate. The 
pigment collects into a central mass, and fine striations 
are seen to extend from the periphery to the centre, so 
that the parasite assumes the form of a '* rosette *', This 
is the appearance which is observed on examining the 
blood just before the next paroxysm. The protoplasm 
of the parasite finally breaks up into twelve to thirty 
segments, each of which contains a portion of nuclear 
matter, and is called a spore. The envelope of the red 
corpuscle ultimately ruptures, and the spores are set free 
in the blood plasma, in which situation they are seen 
forming an irregular group round the pigmented mass. 

8* 
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Sooner or later they re-enter red corpuscles, and initiate 
a similar cycle of forty-eight hours' duration. Most of 
the liberated pigment is taken up by the phagoc3rtes or 
deposited in various organs. 

Besides these forms, which constitute the asexual cycle 
of the parasite, certain large pigmented spheres are seen, 
especially in the apyrexial period. They are the game- 
tocytes or gametes, and are derived from the parasite 
losing its corpuscular envelope prior to sporulation, which, 
however, does not take place. Some of these gametes 
emit three or four long delicate flagella, which actively 
lash about in the fluid, and finally break away from the 
parent cell and are lost from view. 

Certain other spheres may also be seen which are larger 
and do not flagellate. Their pigment is less active and 
usually arranged in the form of a ring. They are the 
female elements, whereas the flagella of the flagellat- 
ing body represent the male sexual organs, which bring 
about the fertilisation of the former in the manner 
already described. 

2. The Parasite of Qv/irtan Fever completes its cycle of 
development in seventy-two hours, and the fever is there- 
fore more benign than the tertian. The developmental 
changes in the parasite are essentially similar to those 
described above, but a few morphological differences 
may be observed. Thus, the parasites are smaller, their 
movements less active, and the pigment granules coarser. 
The sporocyte or rosette body is made up of from six to 
twelve spores, and the red corpuscles do not become pale. 

3, The Parasite of Malignant or ^stivo- Autumnal 
Fever. — In this type of fever the marked periodicity of 
the above two varieties is wanting, as larger numbers of 
this organism exist in the blood in different stages of de- 
velopment. Segmentation thus takes place at different 
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intervals and gives rise to that irregularity which is so 
characteristic of this disease. 

The developmental cycle of this parasite, moreover, is 
difficult to follow, as the latter portion of its Hfe-history is 
carried on in the internal organs. However, certain well- 
marked differences can be made out. The young parasites 
are very small but very active, and the ring forms are 
common. The red corpuscle usually contains two or more 
parasites and assumes a characteristic '' brassy ** tint. 

An important feature is the presence of " crescentic 
bodies *\ They appear in the peripheral circulation after 
the fever has lasted for some time, and are peculiarly re- 
sistant to the influence of quinine. The crescents are 
nothing else than the gametes, male and female. When 
examined under the microscope the crescents change into 
spherical bodies, some of which proceed to flagellate and 
the others do not. The manner of fecundation is essen- 
tially the same as in the tertian and quartan types of 
fever. 

Relations to Disease. — The hcBmamosba mala/ria has not 
been cultivated outside the body, but its causal relation to 
the disease may be taken as fully estabhshed. Thus, 
the parasite is always present in the blood of malarial 
patients and is met with in no other condition. Its cycle 
of development corresponds with the clinical course of the 
disease, and the destruction of the red corpuscles fully 
explains the subsequent anaemia. Quinine, which is a 
well-known amoebic poison, kills the parasite and cures 
the malarial fevers. When a healthy person is inoculated 
with a minute quantity of malarial blood, not only the 
infection but also the specific type of the disease is re- 
produced. A malarial person can mix freely with healthy 
persons without infecting them with the disease, provided 
there are no anopheles about to convey the parasite. 
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Although the parasite is undoubtedly transmitted from 
man to man by the agency of mosquitoes, it is not oertain 
if this is the only mode of propagation of the disease. 
It may be that the malarial organism has an extra- 
corporeal existence other than that in the mosquito. It is 
difficult to speak dogmatically on this subject, but certain 
considerations are against such an hypothesis. Thus, it 
seems hardly Ukely that such a deHcate organism as the 
malarial parasite, which requires for its development not 
one but two distinct hosts, should be able to thrive indif- 
ferently in air, soil, or other media. Besides, wherever 
anopheles have been entirely suppressed malaria has almost 
vanished, which shows that the mosquitoes are apparently 
the sole carriers of infection from man to man. We may, 
therefore, conclude that turning up the soil and impure 
water play no etiological rdle in the production of malaria, 
except in so far as they offer facilities for the breeding of 
anopheles. 

Prevention. — The measures for the prevention of malaria 
have for their object either the prevention of the infection 
of man by the mosquito, or the prevention of the infec- 
tion of the mosquito by man. The principal methods are 
as follows : — 

(i.) The destruction of the parasite in man by the 
systematic use of quinine. Koch has obtained 
marvellous results by this method, but it is 
scarcely applicable to large communities, 
(ii.) The prevention of the access of the mosquito to 
man by the use of mosquito nets, or such means 
as sleeping in the upper storeys of houses, camp 
fires, etc. 
(iii.) Extermination of the mosquito. Some good can 
be done by certain insecticides, such as chrysan- 
themum powder, sulphur, or kerosene oil, and 
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by abolition of their breeding places by means 
of proper drainage. The eggs, larvae, or the 
adult insect may also be directly destroyed; 
but the method is too costly and laborious to be 
of much use. 

A more efficient means for their suppression would be 
the pitting against them of some of their natural enemies. 
It is known that the laryae of mosquitoes are swallowed 
by many aquatic insects, and the adults are killed off by 
bats, lizards, and dragon flies. It is not impossible that in 
the near future we may discover some plant that would 
prevent the breeding of the anopheles, or some innocuous 
animal which would destroy or displace this species. 

Belation to Kala-Azdr, — Kala-az4r is a very fatal disease 
largely prevalent in Assam. The nature of this affection 
has not been sufficiently investigated, and conflicting views 
are held with regard to its etiology. According to Giles, 
it is the result of ankylostomiasis, either by itself, or in 
some cases compHcated by a coincident malarial infec- 
tion, Ross, on the contrary, regards it as an aggravated 
form of malaria, from which, however, it is distinguished 
by a rapid occurrence of cachexia, greater resistance to 
quinine, and by the fact that it frequently attacks several 
members of one family. 



CHAPTEE XXV. 

DYSENTERY. 

As is well known, a number of pathological lesions situated 
at the lower end of the large intestine are empirically 
included under the name of dysentery. The various types 
of the disease do not appear to have a common source of 
origin, and their etiology has not been satisfactorily worked 
out. 

For our purpose, however, dysentery may be divided 
into the bacillary and amoebic varieties. The former has 
been ascribed by Celli to the hacillvs coli communis taking 
on a virulent function when in the presence of the pyogenic 
cocci. It is also suggested that a mere catarrhal condition 
of the bowels (as induced by malaria, bad food, exposure, 
etc.) may enable the colon bacilli to become virulent and 
promote dysentery. But it seems difficult to imagine that 
so severe a disease as dysentery could be due to bacteria 
which are the normal constituents of the ahmentary 
canal. 

Shiga, in 1898, isolated an organism which he suggested 
as bearing a causal relation to the disease. It resembles 
in form and growth the typhoid rather than the colon 
bacillus. It is constantly present in the dejecta in acute 
cases, and gives the " agglutination reaction " when mixed 
with the serum of patients suffering from the disease. 
When introduced into the stomach of cats, characteristic 
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changes are produced in the lower intestine. It appears, 
therefore, that Shiga's bacillus is the undoubted cause of 
acute dysentery. 

Amoebic Dysentery, — This variety is characterised by 
the presence of a definite species of amoeba both at the 
seat of lesion and in the stools. If a piece of flooculent 
mucus be picked out from the fresh stools and examined 
under the microscope, the amceba coli can usually be 
observed. They throw out characteristic pseudo-podia, 
change their shape, and slowly move across the field 




Fig. 26.-*-AmcBba Coli. 
[From Curtis's EsserUicUs oj PrcLctical Bacteriology. ] 

of the microscope. When at rest the parasite is rounded 
in form and about four or five times the length of a 
red-blood corpuscle. There is a central nucleus, and 
the protoplasm frequently contains vacuoles, bacteria, 
red corpuscles, etc. 

Outside the body, the amoeba immediately breaks up, 
and cannot be made to grow on artificial media. Bectal 
injections of stools containing amoebsB give rise, in cats, to 
hsemorrhagic enteritis, the amoebsB being present in the 
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dejecta and frequently invading the mucous membrane 
of the intestine. 

But these results cannot be regarded as conclusive. 
The amcBbsB have not been used in pure cultures, and 
the results following the introduction of so complex a 
material as stools cannot, by any means, determine the 
properties of any single constituent. Then, again, the 
cat is an animal very susceptible to catarrhal inflamma- 
tions of the bowels, which can be readily produced by the 
use of non-specific irritants. 

However, the constant presence of the amoeba in the 
submucous tissue, in the ulcers and in their spreading 
zone, cannot be regarded as an accidental coincidence. 
Fiu'ther, the presence of amoebsB coli in the pus of liver 
abscess (a condition frequently associated with tropical 
dysentery), where they may exist without the pus cocci, 
shows that they have migrated into the portal circulation 
from the dysenteric ulcer and thence carried to the liver. 
This pus, moreover, when injected into animals, gives rise 
to lesions precisely similar to those produced by the injec- 
tion of dysenteric stools. On the whole, then, we may 
conclude that a definite form of dysentery does exist in 
which the amoeba coli plays an all-important etiological 
role. 



CHAPTEB XXVI. 

IMMUNITY. 

By " immunity " we mean a condition of the animal body, 
whereby it becomes resistant to one or more infectious 
diseases. The condition, indeed, is peculiar, for although 
enough pabulum is present in the tissues the infective 
agents cannot multiply and bring about the manifestations 
of disease. But it must not be imagined that immunity 
is ever absolute, and that bacterial growth and disease are 
invariably prevented ; for it is always possible, by suffi- 
ciently increasing the dose and by lowering the vitality 
of the animal, to set up infection. 

It may be asked. What is the reason of this immunity ? 
What is the nature of the mechanism by which certain 
individuals escape the infection and others do not ? As 
a matter of fact, every healthy person is provided with 
protective appliances in the shape of intact skin and 
mucous membranes, which usually suffice to resist the 
action of microbes. In addition to these we have the 
important influence of the lymphatic glands and of the 
gastric and salivary secretions. But, as the researches 
of Metschnikoff have fully established, the most important 
of all protective agencies is to be found in the leucocytes. 
When an infective agent invades the body, these cells, 
which normally patrol the blood-vessels and lymph 
spaces, become significantly increased in numbers. They 
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leave the vessel walls, move towards the foreign intraders, 
and engage them in mortal combat. They throw oat 
protoplasmic processes and thus envelop and digest 
bacteria (phagocytosis). Apart from this phagocytic 
action, it is held that leucocytes also give rise to germi- 
cidal substances {hacteriolysins or complements), either by 
secretion or by disintegration. These are not, however, 
specific in their action, but are equally protective against 
all microbes. 

The natural resistance of the tissues, however, cannot 
explain the immunity following non-fatal attacks of certain 
infectious diseases. In order to understand this question 
let us follow the course of an infective process, starting 
from the invasion and ending with the resulting immunity. 
We shall then be in a position to know the meaning of 
the incubation period, the manner in which disease is 
produced, how it ends in spontaneous recovery, and 
finally protects the patient from a second attack of the 
same disease. 

Let us suppose then that, either owing to the lowered 
resistance or the greater strength of the attacking agents, 
the bacteria gain the upper hand and become settled in 
the tissues (tonsils, intestines, etc.). Here they immedi- 
ately proceed to multiply and secrete toxic metabolic 
products. These enter into chemical combination with 
the constituents of the body cells and produce the char- 
acteristic symptoms of disease. 

Ehrlich suggests that the protoplasmic molecule is a 
complex structure like other organic molecules, and com- 
prises a nucleus of vital activity, to which are attached 
a group of ** side chains " (receptor s)y capable of combining 
with various chemical bodies. When the toxic molecule 
combines with the receptors to produce poisonous symp- 
toms a defect is created, the cell is damaged. 
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The cell now reacts in a characteristio manner, the 
aim of which is the destruction of the microbe and the 
neutralisation of its toxin. It throws out new side chains, 
which may not only cover the defect, but may actually, 
over-compensate it. The excess of these side chains are 
oast off from the cell and- constitute the antitoxins. The 
antitoxins circulate in the blood and intercept the toxins 
(forming neutral toxin-antitoxin compounds) before they 
have time to enter into combination with the tissue 
elements. No further symptoms can now occur, and 
the life of the individiial is saved. 

Side by side with these changes the bacteria themselves 
produce an antagonistic substance called the '* immune 
body *\ The manner of its production is similar to that 
of the antitoxin. But, imlike the latter, it is insufficient 
to act alone — it must be combined with the ferment-like 
body (complement), already present in the serum, before 
the bacteria can be destroyed. 

As soon as the toxins are neutralised and the infective 
agents destroyed, the disease is at an end. The patient 
recovers ; but, owing to the previous stimulation by the 
toxins, his body cells have acquired a new property, and 
they continue to pour forth large supplies of antitoxins. 
These accumulate in the blood and protect him from a 
second attack of the same disease. 

The individual enjoys this acquired immunity for a 
length of time which varies with different diseases. 
Finally, the protective substances are no longer pro- 
duced, the immimity ceases, and the individual once 
more becomes susceptible to infection. 

Immunity, which is acquired after a non-fatal attack 
of the disease or as the result of protective inoculations, 
is called ^'active,* for it only follows after an active stimu- 
lation of the body cells, in the manner just described. It 
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is for this reason that ** active immunity " is relatively 
stable and lasts for a considerable time. 

This kind of protection must be carefully distinguished 
.from '* passive " immunity, which is observed after curative 
inoculations. It depends on the transference of the serum 
of an immunised animal to the body of another animal 
The protective substances are thus introduced already 
prepared, and there is no attempt at the stimulation of 
cells. The immunity appears quickly but lasts only a 
short time, as the proteids introduced into the animal 
behave like a foreign body and are rapidly eliminated. 

Immunised serum is "anti-toxic" or " anti-microbic," 
according as the toxin or the microbe is injected into the 
animal.^ Thus, if the sub-lethal doses of an organism be 
repeatedly injected into an animal, the latter not only 
becomes highly resistant to the microbe, but its serum 
confers a similar inununity when transferred to another 
animal. Such sera are " anti-microbic " but not antitoxic, 
and are used in those diseases where the toxic effects are 
relatively small (cholera, plague, etc.). 

To prepare antitoxins on a large scale, gradually in- 
creasing doses of the toxins are injected into a horse until 

^ If, instead of bacteria or toxins, other cells or cellular products 
(red-blood corpuscles, milk, ferments, nerve cells, etc.) be sub- 
stituted, the corresponding antagonistic or " anti-bodies " may still 
be obtained. The mode of action of the anti-bodies varies with the 
nature of the substances producing them, and consists of such 
diverse manifestations as the neutralisation of toxins and ferments, 
the destruction and agglutination of cells, and precipitation. On 
account of their high specificity, anti-bodies have been largely 
used in the identification of the various substances producing 
them. Their interaction is so delicate as to enable us to dis- 
tinguish the true from the false cholera germ, snake venom from 
other poisons, and the milk or blood of one species of animal from 
that of another. The scientific and medico-legal importance of 
these facts is self-evident. 
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it can tolerate enormous quantities of the same. The 
animal is then bled, the serum is mixed with some anti- 
septic, and passed through a Ghamberland filter. ; Finally, 
the filtrate is ** standardised *'r—the " unit of antitoxin " 
being the amoimt required to neutralise the unit of toxin^ 
i.e., 100 times the lethal dose to a guinea-pig of 500 
grammes (Ehrlich). 
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THE PRINCIPLES OF BACTERIOLOGICAL TECHNIQUE.^ 

In order to obtain a satisfactory knowledge of the biological 
characters of bacteria, it is necessary to obtain them in 
pure cultures by artificial cultivation, and next to subject 
them to a microscopical examination. For the purpose of 
testing their pathogenic power a further procedure is re- 
quisite, i.e. J experimental inoculation in animals. 

I. — Cultivation op Bacteria. 

1. Sterilimtioii of Apparatus. — All glass vessels, cotton 
wool, and metal instruments should be rendered germ-free 
by dry heat (150° C. for one hour). This is best done by 
means of special apparatus, but an efficient steriliser may 
be improvised out of an ordinary biscuit-box, and heat 
obtained from a convenient source. Another useful method 
is to wrap the apparatus in cotton wool and to apply heat 
until the wool is singed. 

2. Nutrient Media. — Two of the most widely employed 
media are gelatine and agar-agar. Both are transparent 
and can be rendered solid or liquid at will. But while 
gelatine liquefies at a comparatively low temperature (25° 
C), and so cannot be used in the tropics, agar-agar remains 
solid at blood-heat — a temperature which corresponds to 

^ For further details the reader is referred to Curtis's Essentials 
of Practical Bacteriology ^ and other works on the subject. 
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the optimum of most pathogenic bacteria. Many bacteria 
liquefy gelatine, but no organism has been known to liquefy 
agar-agar. For special purposes various substances are 
added to these media, e.g., glycerine, glucose, lactose. 

Other nutrient media commonly employed are blood 
serum, bouillon, milk, and potato. 

A culture medium said to be very convenient in the 
tropical countries is the fluid contained in the interior of 
unripe cocoanuts. It contains glucose, vegetable albumen, 
and salts, and has the additional advantage of being con- 
tained in a germ-free receptacle. 

After being prepared, all media are placed in flasks or 
test tubes, plugged with cotton wool, and sterilised by steam 
for three successive days (see p. 29). 

3. Inoculation of Media. — This is conveniently done by 
means of a platinum needle, either straight or with a looped 
end and fastened to the extremity of a glass rod. The 
needle must be heated red-hot both before and after it is 
used. Similarly, the plug of the culture tube must be 
singed both before and after inoculation. Fluid culture 
media are inoculated by transferring a^loopful of the 
material containing bacteria to the medium. When solid 
media are used a single " stah ** is made with a straight 
needle, or, if the medium is solidified in a slanting position, 
the needle is simply " stroked ** over the surface. Potato 
cultures are also inoculated by the latter method. 

After inoculation gelatine tubes are kept at 20** C. to 
22° C. but all others at 37° C. In order to maintain these 
constant temperatiures " incubators " are frequently em- 
ployed ; but in the tropics a place in the verandah could 
easily be found where the temperature corresponded to 37" 
C. It is essential that the cultures which are being incu- 
bated should be kept in the dark, as light is inimical to the 
development of all microbes. 
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To isolate bacteria in pure cultures gelatine or agar plates 
are made. The latter medium is melted and next carefully 
cooled to a temperature not destructive to bacteria. The 
liquid medium is now inoculated, and rapidly poured into 
sterilised shallow glass dishes ('^ Petri dishes "), and allowed to 
solidify. These dishes, or, as they are now generally called, 
plates, are then incubated for two or three days, when colonies 
result from the growth of each bacterium. Finally, inocu- 
lations are made from one such colony to a tube of culture 
medium, and pure cultures of organisms obtained. 

When numerous bacteria are present in the given material 
the necessary dilution may be made by inoculating a second 
tube from the first, and a third from the second. Plates 
are then made with the third tube, and the resulting colonies, 
being few in number, can be easily isolated. 

II. — Microscopic Examination op Bacteria.^ 

In preparing specimens for the microscope it is essential 
that slides and cover glasses should be ahsoluiely clean and 
free from the slightest trace of grease. They are best 
cleaned by soaking them in boiling nitric acid for ten 
minutes and then washing in water. They are subsequently 
kept in small closed jars containing alcohol. 

1. Hangiiig Drop Preparation, — When it is desired to 
study the motility of an organism the method of cultivation 
in a drop of culture fluid attached to the under surface of a 
cover glass, and suspended over a hollow ground out of a 
glass slide, is very useful. A drop of culture fluid is trans- 
ferred to the centre of a clean cover glass, which is then 
rapidly inverted over the hollow of the slide and fixed in 

^ An extremely useful bacteriological test-case, containing all the 
necessary stains and instruments required for this purpose, may be 
had from Mr. Martindale, New Cavendish Street, W. 

9* 
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position by a ring of vaseline. The organisms are most 
abundant at the edge of the hanging drop, where they must 
first be looked for. 

2. Cover Slip Preparation. — In this method the material 
containing bacteria is spread out over a thin cover glass, 
dried, and stained for microscopical examination. 

(a) Preparing the Film. — With a platinum loop hea^ to 
redness in the flame, a small drop of water is placed 
in the centre of the cleaned cover glass, and then, 
with the same instrument, a little material from 
the surface of a solid culture is taken with due 
precautions and mixed with a drop of water. In 
the case of liquid cultures the addition of water is 
evidently unnecessary. 

The emulsion is next evenly spread over the 
cover slip and allowed to dry in the air. After 
the film is dry the cover glass is rapidly passed 
three times over the flame, so as to coagulate the 
' albumen and fix the film to the cover slip. 
{b) Staining. — This is effected by covering the film side 
of the cover glass with a stain, which is poured off 
after a few minutes, and the excess washed in 
water. 
The penetrating power of stains is increased by heating 
or by adding to the stain carbolic acid, aniline oil shaken 
up with water, and other ** mordants ". 

The dyes most commonly used are carbol-fuchsin, methy- 
lene blue, and aniline gentian violet. They are all kept in 
saturated alcoholic solutions in order to prevent decomposi- 
tion. It is absolutely necessary to filter the stains before use. 
FormulcB of Stains : — 

(i.) Carbol-fuchsin is made by adding a saturated alcoholic 
solution of fuchsin to carbolic lotion (1 in 20) until 
the solution has lost its transparency. 
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(ii.) Lofflers Methylene Blue is prepared by adding to 
100 c.c. of an aqueous solution of potassium 
hydrate (1 in 10,000) 30 c.c. of saturated alco- 
holic solution of methylene blue, 
(iii.) Aniline Gentian Violet, — First prepare aniline water 
by shaking up into an emulsion 5 c.c. aniline oil 
and 100 c.c. distilled water. Then filter it through 
moistened filter paper. 

To nine parts of the solution thus obtained add 
one part of concentrated alcoholic solution of 
gentian violet, 
(iv.) Eosin is used in from 0*5 up to 5 per cent, watery 

solutions. 
The average time required for staining may be given as 
follows : cirbol-fuchsin, one to two minutes ; methylene 
blue, five to ten minutes ; aniline gentian violet, two to 
three minutes. 

Sometimes the albuininous material in the film is so 
deeply stained as to obscure the proper view of bacteria. 
To obviate this, alcohol, mineral acids, and other decolorising 
agents are used. They clear up the background and render 
the outlines of bacteria more prominent. After decoloris- 
ing, the background may be stained with a contrast stain 
such as eosin. 

(c) Mounting, — When the staining is complete the pre- 
paration is washed, dried, and mounted in xylol balsam. 

The following special methods of staining are most 
commonly used in bacteriological investigations: — 
(1) Gramas Method : — 

(a) Prepare a film preparation and fix in the usual way. 
(6) Stain in aniline gentian violet for five minutes, 
(c) Pour oflF excess of stain and treat with Gram's iodine 
solution (iodine 1 part, potassium iodide 2 parts, 
and distilled water 300 parts) for two minutes. 
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(d) Wash with alcohol until no more violet colour is 

discharged. 

(e) Wash in water, dry and mount. 

Gram's method is most useful for the differential diag- 
noses of pathogenic germs. Thus, the organisms of pneu- 
monia, tubercle, leprosy, diphtheria, and tetanus are stained ; 
whereas the organisms of cholera, plague, influenza, and 
typhoid fever are decolorised by this method. 

(2) Ziefd'Neehen's Method of Staining the Tv,bercle 
Bacillus : — 

(a) Place fresh sputum in a glass dish against a black 
background, pick up a minute caseous particle, 
and spread it over a coverglass. 

(6) Dry and fix the film. 

(c) Float the coverglass upon the carbol-fuchsin solution 

and apply heat till steam commences to rise. The 
stain is allowed to remain on for five minutes 
afterwards. This stains everything on the film. 

(d) Wash off the excess of stain in water. 

(e) Decolorise by dipping in 25 per cent, sulphuric acid. 

This removes the stain from everything except the 
tubercle bacilli. 
(/) Wash in water. 
(^) Counterstain with methylene blue for two minutes. 

This stains non-acid-fast bacilli, leucocytes, etc. 
(h) Wash, dry and mount. 

In the case of tuberculous milk and urine, the fluids are 
first centrifugalised, and films are made from the sediment. 
The subsequent procedure is precisely as above described. 

When a centrifugal machine is not available, carbolic 
acid is added to the fluid in amount sufficient to convert 
it into a 1 in 20 solution. This is allowed to stand for 
twenty-four hours, and then films are prepared from the 
deposit. 



APPENDIX A 135 

(3) Staining of Spores. — Spores can be stained by a 
methcxl similar to that employed for staining the tubercle 
bacilli. After the film is prepared and carefully fixed, it is 
treated with 5 per cent, chromic acid in order to facilitate 
the penetration of the stain into the spore capsule. The 
stain is heated carbol-fuchsin ; but the sulphuric acid 
should not be more than 5 per cent. The bacilli may 
be counterstained by methylene blue, the spores being 
stained red. 

(4) Staining of Flagella, — The methods of staining flag- 
ella are somewhat complicated, but their essential features 
may be outlined as follows : — 

(a) Fix the living bacilli by simple drying in the air. 

{b) Add a mordant (e.^., tannin and osmic acid). This 
forms a transparent, film in which bacteria and 
their uninjured flagella are embedded. 

(c) Wash off the excess in water. 

{d) Add the stain {e.g., silver nitrate). 

{e) Wash, dry and mount. 

(5) The Demonstration of Malarial ParoMte. — Blood may 
be examined for malarial parasites either in the fresh un- 
stained state or by means of stained preparations. If 
possible the examination should be made before the ad- 
ministration of quinine, as this drug causes the hsemamoBba 
to disappear from the circulation. 

A. Fresh Preparations : — 

(a) Clean several coverglasses and slides. 

(b) Cleanse the pulp of a finger tip with alcohol and 

then prick it with a clean needle. Wipe off the 
first drop of blood. Squeeze out from the punc- 
ture a second droplet and touch the apex of this 
lightly with the centre of a coverglass and place 
it on a slide. After a few seconds, when the 
blood has spread out in a fine film, apply vaseline 
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round the coverglass and examine with a -y\ inch 
immersion objective. 
It is best to select a field in which the blood corpuscles 
are lying isolated and in a single layer. The interior of 
every red corpuscle should be carefully examined, and a 
negative diagnosis should only be made after a prolonged 
search. 

B. Permanent Preparations : — 

(a) Prick the finger and squeeze out a drop of blood as 

before. 
(6) Apply a strip of cigarette paper (or the smooth edge 
of writing paper) to the blood at one end. Lay 
this (wet surface downwards) on a slide, and, after 
waiting a few seconds to allow the blood to spread 
over the slide^ draw it horizontally along the glass. 
In this way a uniformly thin film is made in which 
the corpuscles are arranged in a single layer. 

(c) Dry. Fix the film by immersing in absolute alcohol 

for five minutes and then dry again. 

(d) Apply the stain (2 per cent, methylene blue, 5 per 

cent, borax in distilled water) for thirty to fifty 
seconds. 

(e) Wash, dry and mount in xylol balsam. 

All nuclei and parasites are stained blue. If required, 
the red corpuscles may be counterstained with eosin, in 
which case they are stained pink and contrast admirably 
with the blue colour of the parasites. 

III. Experimental Inoculation op Animals. 

The pathogenic power of bacteria can usually be demon- 
strated by injecting pure cultures into susceptible animals. 
The animals most suitable for this purpose are the rabbit, 
the guinea-pig, and the mouse. Great discretion should be 



APPENDIX A 137 

employed in interpreting the results, as some animals are 
naturally immune, while others modify the disease. 

Inoculations are made with a sterilised hypodermic 
syringe into the subcutaneous tissue, or into the peri- 
toneal cavity, or intravenously. The symptoms are ob- 
served during life and an examination made after death. 
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SNAKE VENOM AND ANTI- VENOMOUS SERUM. 

Two species of poisonous snakes are usually recognised — 
the viperines (viper, rattlesnake, etc.) and the colubrines 
(cobra, bungarus, etc.). 

The venom, which is secreted by a gland in the region of 
the parotid, is a yellowish albuminous fluid, and in the dried 
state can be preserved foi: long periods. It contains two 
albuminous bodies, one of which acts locally on the tissues, 
and the other produces the general constitutional symptoms 
due to bulbar intoxication. By being heated to 85° C. for 
fifteen minutes the first-mentioned poison can be removed, 
when it is found that the venoms of different species pro- 
duce the same effects, differing only in the degree of their 
activity. Although the poisonous substances are contained 
in venoms in different proportions, Calmette holds that the 
physiological action of the venoms of colubrines and viperines 
is, in essence, alike. Thus, the venom of the French viper 
is forty times less toxic than that of the Indian cobra, but 
the active substance of both varieties is essentially the same. 

The mongoose and hedgehog can tolerate large doses of 
snake venom, but the immunity is not absolute, for they 
readily succumb when the dose is still further increased. 

The so-called immunity enjoyed by the Indian snake- 
charmers is easily explained. In many cases the poison 
fangs are removed, but when these are intact the jugglers 
so familiarise themselves with the movements of the reptile 

138 
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that they mostly escape being bitten. When the snake 
attempts to bite, the juggler looks at it with a strange fixed 
gaze and plays an instrument, so that it becomes spellbound 
by the gentle and plaintive cadence of the musician. 

Professor Eraser has shown that normal bile possesses an 
antidotal effect against snake venom. This is probably due 
to a digestive power of the bile, and for its exhibition a 
certain interval of time is necessary. Thus, if a fatal dose 
of the venom is injected directly into the gall bladder of a 
rabbit, death supervenes in exactly the same time as when 
the injection is made in the subcutaneous tissue. Evidently 
in this case the venom is absorbed into the circulation be- 
fore it has had time to be modified by the bile. 

According to Calmette, antitetanic serum and normal 
bouillon have a preventive action similar to that possessed 
by the bile. These substances, therefore, do not act 
specifically, but merely cause a transitory stimulation of 
the leucocytes, which normally fix the venom and convey it 
to the central nervous system. 

That the leucocytes play an important r61e in the fixation 
of venom is evident from the fact that the introduction of 
this poison into an organism is always accompanied by a 
hyperleucocytosis. Further, if we inject into a normal 
animal a fatal dose of venom, diluted in a fresh leucocytic 
exudation, we invariably observe a retardation in the poison- 
ous symptoms, and very often the animal actually survives. 

Antivenomous Serum or " antivenine " is derived from 
horses that have been immunised by gradually increasing 
doses of venoms obtained from the cobra and other poisonous 
snakes. The introduction of several kinds of venoms is 
necessary in order to obtain a serum which shall be 
equally protective against all species of serpents. Several 
authorities, however, deny this universal efl&cacy of Cal- 
mette's serum, and they urge that there should be a special 
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serum for each kind of snake. Such a suggestion is scarcely 
practicable, considering the difficulty and length of time 
(over fifteen months) involved in the preparation of any 
effective serum. Perhaps a satisfactory compromise would 
be to prepare different antisera for the colubrines and the 
viperines. 

Lamb has recently asserted that antivenine does not keep 
well in India, but, on the other hand, Calmette affirms that 
flasks sent to Indo- China and India, and returned to him after 
eighteen months, have preserved their antitoxic properties 
** absolutely intact ". It is necessary, however, to keep the 
bottle in a cool place and in the dark. 

The ordinary dose of antivenine is 10 c.c. (i.e., a whole 
bottle) for children and adults. But in the case of bites from 
the cobra and other highly poisonous snakes it is advisable 
to inject 20 c.c. (or even 30 c.c), and to make the injection 
intravenously, instead of in the subcutaneous tissue. Inter- 
vention must take place immediately aft«r the bite and 
should never be delayed beyond an hour. 

Along with the serum, the application of a tight ligature 
close above the wound should never be forgotten. In order 
to neutralise any venom remaining in the wound, the latter 
should be bathed in a fresh solution of hypochlorite of lime 
(1 in 60) or in a solution of chloride of gold (1 per cent.). 
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Vaooinbs, Haffkme'Sj 79. 
Vegetables, preservation of, 54. 
Vitario, characters of, 19. 

— cholera, 73, 76. 
variability of, 77. 



Waaaermannf lOSl. 
Water supply, bacteria dnd, 43. 
WidaPa reaction, 82. 
Winogradaky* 8 experiments, 38. 
* Wooden tongue,^' 92. 
Wool-sorter's disease, 72. 

Ybast cells and fermentation, 9, 12. 
Yeasts, Hansen on, 13. 
— pure cultures of, 16. 
Y&rsirCs serum, 106. 

Ziehl-NedserCs method, 134. 
Zinc mercuric cyanide, 47. 
Zoogloea, 19. 



«<HE ABBttSEB)^ UNtVEftSITT PRB8S LIMITBD, 
10 



A SELECT LIST OF BOOKS 



NATURAL AND PHYSICAL SCIENCE, 
MATHEMATICS AND TECHNOLOGY 

PUBLISHED BY 

Messrs. LONGMANS, GREEN, & CO. 

LONDON: 39 PATERNOSTER ROW, E.G. 

NEW YORK: 91 & 93 FIFTH AVENUE. 

BOMBAY: 32 HORNBY ROAD. 



PAGB 

Advanced Scibncb Manuals - 38 

Algebra 9 

Agriculture - - - - 35 
Architecture - - - - 14 

Astronomy 20 

Bacteriology - - - - 33 

Biology 32 

Botany 34 

Building Construction - - 14 

Calculus 10 

Chemistry 2 

Conic Sections - - - - 9 

Dynamics 6 

Electricity 15 

Elementary Science Manuals- 3S 

Engineering 17 

Euclid 10 

Gardening 35 

Geology 22 

Geometry 10 

Health and Hygiene - - 24 

Heat 13 

Hydrostatics .... 6 

Light 13 | 

Logarithms 10 | 

London Science Class- Books - 40 I 
Longmans* Civil Engineering 

Series 18 

Machine Drawing and Design - 18 

Magnetism 15 

Manufactures - - - - 23 
Mechanics 6 



PAOB 

Medicine and Surgery - • 25 
Mensuration - - . . g 
Metallurgy • - - - 19 

Mineralogy 19 

Mining 19 

Natural History and General 

Science 23 

Naval Architecture - - - 19 

Navigation 20 

Optics 12 

Photography - - - - 12 

Physics 5 

Physiography - - - - 22 

Physiology 32 

Practical Elementary Science 

Series 40 

Proctor's (R. A.) IVorks - - 21 

Sound 13 

Statics 6 

Steam, Oil, and Gas Engines - 13 
Strength of Materials - - 17 

Surveying 8 

Technology 23 

Telegraphy 16 

Telephone 16 

Text-Books op Science - - 37 
Thermodynamics - - - 13 

Trigonometry - - - - 12 
Tyndall's (John) Works - - 36 
Veterinary Medicine, etc. - 31 
Workshop Appliances - - 19. 
Zoology - - - - - 32. 



2 Scientific Works published by Longmans, Green, 6- Co. 



CHEMISTRY. 

ARRHENIUS.—K TEXT-BOOK OF ELECTROCHEMIS- 
TRY By SVANTB Arrhknius, Professor at the University of Stockholm. 
Translated from the German Edition by John McCrak, Ph,D. With ?8 
Illustrations. 8va, gj. 6</. net. ^ 

crook7'^,'-^^}'^^^ methods in chemical 

ANAL\.^^' *^^'®^y Inorganic. By Sir William Crookes, F.R.S., etc. Third 
Edition. Re. '^^"^''*^^^''^"8^«^- With 67 Woodcuts. 8vo.. aw. net 

FURNEAUX.—^^P^^^'^^^^ CHEMISTRY, Inorganic and 

Organic. By W. ^ '".^^eaux, F.R.G.S., Lecturer on Chemistry, London 
School Board. With o, "^ illustrations and 155 Experiments. Crown Svo. , aj. 6rf. 

GARRETT AND HARhl^^—^^ ELEMENTARY COURSE 

OF PRACTICAL ORGANIC CHEMISTRY. By F. C. Garrett, M.Sc. 
(Vict, et Dunelm.), Assistant Lt.^<='»^er and Demonstrator in Chemistry, the 
Durham College of Science, NeDv.^*^"®-o'»-Tyne; and ARTHUR Harden, 
M.Sc. (Vict.), Ph.D., Assistant Lectm '®r„a°«l Demonstrator in Chemistry, the 
Owens College, Manchester. With 14 L lustrations. Crown Svo.. aj. 

y-^C^a— Works by W. JAGO, F.C.S., F.I.C. 

INORGANIC CHEMISTRY, THEORETICAL AND 

PRACTICAL. With an Introduction to the Principles of Chemical Analysis^ 
Inorganic and Organic. With 63 Woodcuts and numerous Questions and 
Exercises. Fcp. Svo., aj. dd. 

AN INTRODUCTION TO PRACTICAL INORGANIC 

CHEMISTRY. Crown Svo., u. 6rf. 

INORGANIC CHEMISTRY, THEORETICAL AND 

PRACTICAL. A Manual for Students in Advanced Classes of the Science 
and Art Department With Plate of Spectra and 78 Woodcuts. Crown 
8vo., 4J. 6<f. 

Jltf^ZZ6^i?.— HIGHER MATHEMATICS FOR STUDENTS 

OF CHEMISTRY AND PHYSICS. With Special Reference to Practical 
Work. By J. W. Mellor, D.Sc., late Senior Scholar, and 1851 Exhibition 
Scholar, New Zealand University; Research Fellow, the Owens College, Man- 
chester. With 14a Diagrams. 8vo. , \is. td. net. 

MENDELEEFR—THE PRINCIPLES OF CHEMISTRY. 

By D. Mendel^eff. Translated from the Russian (Sixth Edition) by George 
Kamensky, A.R.S.M., of the Imperial Mmt, St. Petersburg; and Edited by 
T. A. Lavvson, B.Sc, Ph.D., Fellow of the Institute of Chemistry. With 96 
Diagrams and Illustrations, a vols. 8vo., 36J. 

J/^ K£:/?.— OUTLINES OF THEORETICAL CHEMISTRY. 

By Lothar Meyer, Professor of Chemistry in the University of Tiibingen. 
Translated by Professors P. Phillips Bedson, D.Sc, and W. Carlkton 
Williams, B.Sc. 8vo., gs, 

J/7ZZ^/?.— INTRODUCTION TO THE STUDY OF IN- 
ORGANIC CHEMISTRY. By W. Allen Miller, M.D., LL.D. With 
71 Illustrations. Fcp. 8vo., y. 6d. 



Scientific Works published by Longmans^ Green^ 6* Co, 3 



CHEMI8TRY-<%i»/»WfMKf. 

MUIR.—h COURSE OF PRACTICAL CHEMISTRY. By M. 

M. P. MuiR, M.A., Fellow and Praelector in Chemistry of Gonville and Caius 
College, Cambridge. (3 Parts.) 

Part I. Elementary. Crown 8vo., 4J. 6d, 

Part II. Intermediate. Crown 8vo., 4^. 6d, 

Part III. {In preparation, 

NEWTH^—^orVs by G. S. NEWTH, F.I.C. F.C.S., Demon- 
strator in the Royal College of Science, London. 
CHEMICAL LECTURE EXPERIMENTS. With 230 

Illustrations. Crown 8vo. , 6s. 

CHEMICAL ANALYSIS, QUANTITATIVE AND QUALI- 

TATIVE. With 100 Illustrations. Crown 8vo., 6s. 6d. 

A TEXTBOOK OF INORGANIC CHEMISTRY. With 155 

Illustrations. Crown 8vo.. 6s. 6d. 

ELEMENTARY PRACTICAL CHEMISTRY. With 108 

Illustrations and 254 Experiments. Crown 8vo.. zr. 6d. 

^^^r^^ZZ^.— SOLUTIONS. By W. Ostwald, Professor of 

Chemistry in the University of Leipzig. Being the Fourth Book, with some 
additions, of the Second Edition of Oswald's ' Lehrbuch der allgemeinen 
Chemie'. Translated by M. M. Pattison Muir, Fellow and Praelector in 
Chemistry of Gonville and Caius CoUege, Cambridge. 8vo. , \os. 6d. 

PEI^J^/JSr.—QUAUTATlVE CHEMICAL ANALYSIS (OR- 
GANIC AND INORGANIC). By F. Mollwo Perkin, Ph.D., Head of the 
Chemistry Department, Borough Polytechnic Institute, London. With 9 
Illustrations and Spectrum Plate. 8vo., y. 6d, 

PLIMMJSIi.— THE CHEMICAL CHANGES AND PRO- 
DUCTS RESULTING FROM FERMENTATION. By R. H. Aders 
Plimmer, D.Sc. (Lond.). Svc, 6j. net. 

JHE YJVOLDS,— EXPERIMENTAL CHEMISTRY FOR 

JUNIOR STUDENTS. By J. Emerson Reynolds. M.D., F.R.S., Pro- 
fessor of Chemistry, University of Dublin. Fcp. 8vo., with numerous Woodcuts. 

Part I. Introductory. Fcp. 8vo., is, 6d. 

Part II. Non-Metals, with an Appendix on Systematic Testing 

for Acids. Fcp. 8vo., 2s. 6d. 

Part III. Metals, and Allied Bodies. Fcp. 8vo., ^s. 6d, 
Part IV. Carbon Compounds. Fcp. 8vo., 4s. 

SlfENSTOJVi:.— Works by W. A. SHENSTONE, F.R.S., Lecturer 
on Chemistry in Clifton College. 

THE METHODS OF GLASS-BLOWING AND OF WORK- 
ING SILICA IN THE OXY-GAS FLAME. For the Use of Physical 
and Chemical Students. With 43 Illustrations. Crown 8vo., 2J. 6d. 

A PRACTICAL INTRODUCTION TO CHEMISTRY. 

Intended to give a Practical acquaintance with the Elementary Facts and 
Principles of Chemistry, With 25 Illustrations. Crown 8vo., as. 



4 Scientific Works published by Longmans, Green, &* Co. 



CHEM \STRY-Oontinued, 

SMITH AND IfAZL.— THE TEACHING OF CHEMISTRY 

AND PHYSICS IN THE SECONDARY SCHOOL. By Alexandkr 
Smith, B.Sc., Ph.D., Associate Professor of Chemistry in the University of 
Chicago, and Edwin H. Hall, Ph.D., Professor of Physics in Harvard Uni- 
versity. With 21 Woodcuts, Bibliographies, and Index. Crown 8vo., 6s. net. 

THORNTON and PEARS0N.--]^0TES ON VOLUMETRIC 

ANALYSIS. By Arthur Thornton, M. A. , and Marchant Pearson, B. A. , 
Assistant Science Master, Bradford Grammar School. Medium 8vo., zr. 

THORPE.— Works by T. E. THORPE, C.B., D.Sc. (Vict.), Ph.D., 
F.R.S., Principal of the Government Laboratory, London. 
Assisted by Eminent Contributors. 

A DICTIONARY OF APPLIED CHEMISTRY. 3 vols. 

8vo. Vols. I. and II., 42J. each. Vol. III., 6y. 

QUANTITATIVE CHEMICAL ANALYSIS. With 88 Wood- 
cuts. Fcp. 8vo., 4J. 6rf. 

THORPE AND ilf!7//?.— QUALITATIVE CHEMICAL AN- 
ALYSIS AND LABORATORY PRACTICE. By T. E. Thorpe, C. B. , Ph.D. , 
D.Sc, F.R.S., and M. M. Pattison Muir, M.A. With Plate of Spectra and 
57 Illustrations. Fcp. 8vo. , 3J. 6d. 

TILZ>£N— Works by WILLIAM A. TILDEN, D.Sc. London, 
F.R.S., Professor of Chemistry in the Royal College of Science, 
South Kensington. 

A SHORT HISTORY OF THE PROGRESS OF SCIENTIFIC 

CHEMISTRY IN OUR OWN TIMES. Crown 8vo., sj. net. 

INTRODUCTION TO THE STUDY OF CHEMICAL 

PHILOSOPHY. The Principles of Theoretical and Systematic Chemistry. 
With 5 Illustrations. Fcp. 8vo.. 5^. With ANSWERS to Problems. Fcp. 
8vo., 5J. 6d. 

PRACTICAL CHEMISTRY. The principles of Qualitative 

Analysis. Fcp. 8vo., is. 6d. 

IVATTS DICTIONARY OF CHEMISTRY. Revised and en- 
tirely Rewritten by H. Forster Morley, M.A., D.Sc, Fellow of, and lately 
Assistant Professor of Chemistry in. University College, London ; and M. M. 
Pattison Muir, M.A., F.R.S.E., Fellow, and Praelector in Chemistry, of 
Gonville and Caius College, Cambridge. Assisted by Eminent Contributors. 
4 vols. 8vo., ,^5 net. 

WHITELEY.— Works by R. LLOYD WHITELEY, F.I.C., 
Principal of the Municipal Science School, West Bromwich. 

CHEMICAL CALCULATIONS. With Explanatory Notes, 

Problems and Answers, specially adapted for use in Colleges and Science 
Schools. With a Preface by Professor F. Clowes, D.Sc. (Lond.), F.I.C. 
Crown 8vo. , 2^. 

ORGANIC CHEMISTRY : the Fatty Compounds. With 45 

Illustrations. Crown 8vo. , y. 6rf 



Scientific Works published by Longmans^ Green, 6r* Co, 



PHYSICS, ETC. 

BIDGOOD.— ELEMENTARY PHYSICS AND CHEMISTRY 

FOR THE USE OF SCHOOLS. (In Three Books.) By John Bidgood, 
B.Sc., Headmaster of the Gateshead School of Science. 
Book I. Elementary Physics. With 120 Illustrations. Crown 

^vo., IS. 6d. 

Book II. Physics and Chemistry. With 122 Illustrations. 

Crown 8vo., is. 6d. 

BOSi:.— RESPONSE IN THE LIVING AND NON-LIVING. 

By jAGADis Chunder Bose, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presi- 
dency College, Calcutta. With 117 Illustrations. 8vo., lor. 6d. 
*^* This volutne describes experimental investigations on animal^ vegetable and 
norganic substances regarding their response to stimulus. These researches show that 
the effects of fatigue ^ stim-ulants, depressants and poisons are alike in the organic and 
inorganic^ and demonstrate that the response phenomena in the ' living* have been 
foreshadowed in the * non-living*. 

GAJVOT.— Works by PROFESSOR GANOT. Translated and 
Edited by E. Atkinson, Ph.D., F.C.S., and A. W. Reinold, 
M.A., F.R.S. 
ELEMENTARY TREATISE ON PHYSICS, Experimental 

and Applied. With 9 Coloured Plates and Maps, and 1048 Woodcuts, and 
Appendix of Problems and Examples with Answers. Crown 8vo. , 15^. 

NATURAL PHILOSOPHY FOR GENERAL READERS 

AND YOUNG PEOPLE. With 7 Plates, 632 Woodcuts, and an Appendix 
of Questions. Crown 8vo. 7s. 6d. 

GLAZEBROOK AND SB A W.—FRACTIC Ah PHYSICS. By 

R. T. GLAZEBROOK, M.A., F.R.S., and W. N. Shaw, M.A. With 134 
Illustrations. Fcp. 8vo., 7s. 6d. 

GUTHRIE.— MOLECULAR PHYSICS AND SOUND. By 

F. Guthrie, Ph.D. With 91 Diagrams. Fcp. 8vo., is. 6d. 

IfELMIlOZTZ,—FOFU LAR LECTURES ON SCIENTIFIC 

SUBJECTS. By Hermann von Helmholtz. Translated by E. Atkinson, 
Ph.D., F.C.S., formerly Professor of Experimental Science, Staf! College. With 
68 Illustrations. 2 vols. , crown 8vo. , y. 6d. each. 

^^^YZ^^^^-C^A^.— ELEMENTARY PHYSICS. By John 

Henderson, D.Sc. (Edin.), A.I.E.E., Physics Department, Borough Road 
Polytechnic. Crown 8vo. , 2s. 6d. 

MACLEAN.— EXERCISES IN NATURAL PHILOSOPHY. 
By Magnus Maclean, D.Sc, Professor of Electrical Engineering at the 
Glasgow and West of Scotland Technical College. Crown 8vo., 4s. 6d. 

MEYER,— THE KINETIC THEORY OF GASES. Elemen- 
tary Treatise, with Mathematical Appendices. By Dr. OsKAR Emil 
Meyer, Professor of Physics at the University of Breslau. Second Revised 
Edition. Translated by Robert E. Baynes, M.A., Student of Christ Church, 
Oxford, and Dr. Lee's Reader in Physics. 8vo. , i$s. net. 

VAN 'TifOEE— THE ARRANGEMENT OF ATOMS IN 

SPACE. By J. H. van t'Hoff. Second, Revised, and Enlarged Edition. 
With a Preface by Johannes Wislicenus, Professor of Chemistry at the 
University of Leipzig ; and an Appendix ' Stereo-chemistry among Inorganic 
Substances,' by Alfred Werner, Professor of Chemistry at the University of 
Zurich. Translated and Edited by Arnold Eiloart. Crown 8vo. , 6s. 6d, 



Scientific Works published by Longmans^ Green, 6- Co. 



PHYSICS, ETCm-ConMnued, 

WATSON.— ^orVs by W. WATSON, A.R.C.S., F.R.S., D.Sc, 
Assistant Professor of Physics at the Royal College of Science, 
London. 

ELEMENTARY PRACTICAL PHYSICS: a Laboratory 

Manual for Use in Organised Science Schools. With lao Illustrations and 
193 Exercises. Crown 8vo. , 2s. 6d. 

A TEXT-BOOK OF PHYSICS. With 568 Diagrams and 

Illustrations, and a Collection of Examples and Questions, with Answers. 
Large crown 8vo., los. 6d. 

WORTHINGTON,—K FIRST COURSE OF PHYSICAL 

LABORATORY PRACTICE. Containing 264 Experiments. By A. M 
WORTHINGTON, M.A., F.R.S. With Illustrations. Crown 8vo., 4J. 6d. 

^i?/6^^r.— ELEMENTARY PHYSICS. By Mark R. 
Wright, M.A. , Professor of Normal Education, Durham College of Science. 
With 242 Illustrations. Croivn 8vo. , 2J. 6rf. 



MECHANICS, DYNAMICS, STATICS, HYDRO- 
STATICS, ETC. 

hALL.—K CLASS-BOOK OF MECHANICS. By Sir R. S. 
Ball, LL.D. 89 Diagrams. Fcp. 8vo., u. 6^1 

GOODEVE.—^oxV^ by T. M. GOODEVE, M.A., formerly 
Professor of Mechanics at the Normal School of Science, and 
the Royal School of Mines. 

THE ELEMENTS OF MECHANISM. With 357 Illustra- 

tions. Crown Svo., 6j. 

PRINCIPLES OF MECHANICS. With 253 Illustrations and 

numerous Examples. Crown Svo. , 6s. 

A MANUAL OF MECHANICS: an Elementary Text-Book 

for Students of Applied Mechanics. With 138 Illustrations and Diagrams 
and 188 Examples taken from the Science Department Examination Papers, 
with Answers. Fcp. 8vo., 2J. 6d. 

GOODMAN.— MECHA^IC^ APPLIED TO ENGINEERING 

By John Goodman , Wh.Sch. , A. M. I.C. E. , M. I. M.E. , Professor of Engineering 
in the Yorkshire College, Leeds (Victoria University). With 620 Illustrations 
and numerous examples. Crown Svo., js. 6d. net. 

6^^/i?ra:.— LESSONS IN ELEMENTARY MECHANICS. 

By W. H. Grieve, late Engineer, R.N., Science Demonstrator for the London 

School Board, etc. 
Stage I. With 165 Illustrations and a large number of Examples. Fcp. 8vo., 

\s. 6d. 
Stage 2. With 122 Illustrations. Fcp. Svo. , is. 6d. 
^tai?e 3. With 103 Illustrations. Fcp. 8vo., is, 6d. 



Scientific Works published by Longmans^ Greetiy <y Co. 7 

MECHANICS. DYNAMICS, STATICS. HYDROSTATICS. ETC.- 

Continued* 

MAGNUS.— WoxVs by SIR PHILIP MAGNUS, B.Sc, B.A. 
LESSONS IN ELEMENTARY MECHANICS. Introductory 

to the study of Physical Science. Designed for the Use of Schools, and of 
Candidates for the London Matriculation and other Examinations. With 
numerous Exercises, Examples, Examination Questions, and Solutions, etc. , 
from 1 870- 1 895. With Answers, and 131 Woodcuts. Fcp. 8vo., y. 6d. 
Key for the use of Teachers only, price $s. 3^. 

HYDROSTATICS AND PNEUMATICS. Fcp. 8vo., is. 6d. ; 
or, with Answers, 2J. The Worked Solutions of the Problems, 2J. 

/^ra:Z^iV:— MECHANICS : Theoretical, Applied, and Experi- 
mental. By W. W. F. PULLEN, WH. SC. M.I.M.E., A.M.I.C.E. With 
318 Diagrams and numerous Examples. Crown 8vo., 4J. 6rf. 

ROBINSON,— ELEMENTS OF DYNAMICS (Kinetics and 

Statics). With numerous Exercises. A Text-book for Junior Students. 
By the Rev. J. L. Robinson, M.A. Crown 8vo., 6s. 

SMITJI.— Works by J. HAMBLIN SMITH, M.A. 
ELEMENTARY STATICS. Crown 8vo., 3^-. 
ELEMENTARY HYDROSTATICS. Crown 8vo., 3^. 
KEY TO STATICS AND HYDROSTATICS. Crown 8vo., 6s, 

TARLETON—h^ INTRODUCTION TO THE MATHE- 
MATICAL THEORY OF ATTRACTION. By Francis A. Tarleton, 
LL.D., Sc.D., Fellow of Trinity College, and Professor of Natural Philosophy 
in the University of Dublin. Crown 8vo., ioj. td. 

TA YLOR.—WoxVs by J. E. TAYLOR, M.A., B.Sc. (Lond.). 
THEORETICAL MECHANICS, including Hydrostatics and 

Pneumatics. With 175 Diagrams and Illustrations, and 522 Examination 
Questions and Answers. Crown 8vo. , 2J. dd. 

THEORETICAL MECHANICS -SOLIDS. With 163 Illus- 
trations, 120 Worked Examples and over 500 Examples from Examination 
Papers, etc. Crown 8vo. , aj. 6</. 

THEORETICAL MECHANICS.— FLUIDS. Whh 122 Illus 

trations, numerous Worked Examples, and about 500 Examples from Ex 
amination Papers, etc. Crown 8vo., 2j. 6rf. 

THORNTON,— -YYiEO^E^lQM. MECHANICS— SOLIDS. 

Including Kinematics, Statics and Kinetics. By Arthur Thornton, M.A., 
F.R.A.S. With 200 Illustrations, 130 Worked Examples, and over 900 
Examples from Examination Papers, etc. Crown 8vo., 4J. dd. 



8 Scientific Works published by Longmans^ Greeny dr' Co. 



MECHANICS. DYNAMICS, STATICS, HYDROSTATICS, ETC.- 

Continued. 

TJVISZ>£J\r.— Works by the Rev. JOHN F. TWISDEN, M.A. 
PRACTICAL MECHANICS; an Elementary Introduction to 

their Study. With 855 Exercises, and 184 Figures and Diagrams. Crown 
8vo., loj. 6d. 

THEORETICAL MECHANICS. With 172 Examples, 

numerous Exercises, and 154 Diagrams. Crown 8vo. , 8j. 6d. 

lVIZL/AMSOJ>^.—mTROD\JCTlON TO THE MATHE-^ 

MATICAL THEORY OF THE STRESS AND STRAIN OF ELASTIC 
SOLIDS. By Benjamin Williamson, D.Sc, F.R.S. Crown 8vo., 5J. 

WILLIAMSON AND TARLETON.—A^ ELEMENTARY 

TREATISE ON DYNAMICS. Containing Applications to Thermodynamics, 
with numerous Examples. By Benjamin Williamson, D.Sc., F.R.S., and 
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With 414 Diagrams. 8vo., 21 j. 

STROMEYER.—M.kKV^E BOILER MANAGEMENT AND 

CONSTRUCTION. Being a Treatise on Boiler Troubles and Repairs, 
Corrosion, Fuels, and Heat, on the properties of Iron and Steel, on Boiler 
Mechanics, Workshop Practices, anci Boiler Design. By C. E. Stromeyer, 
Chief Engineer of the Manchester Steam Users* Association, Member of 
Council of the Institution of Naval Architects, etc. With 452 Diagrams, etc. 
8vo., I2J. net. 



ARCHITECTURE, BUILDING CONSTRUCTION, ETC. 

ADVANCED BUILDING CONSTRUCTION. By the Author 

of ' Rivingtons' Notes on Building Construction '. With 385 Illustrations. 
Crown 8vo. , 4J. dd, 

BC/RRELZ.— BUILDING CONSTRUCTION. By Edward J. 

Burrell, Second Master of the People's Palace Technical School, London. 
With 303 Working Drawings. Crown Svo. , zs. 6d. 

GJVIZT.— AN ENCYCLOPEDIA OF ARCHITECTURE. 

By Joseph Gwilt, F.S.A. Revised (1888), with Alterations and Considerable 
Additions by Wyatt Papworth. With 1700 Engravings. 8vo., 21J. net. 

PARKER AND UNWIN,— THE ART OF BUILDING A 

HOME : A Collection of Lectures and Illustrations. By Barry Parker and 
Raymond Unwin. With 68 Full-page Plates. 8vo, 10s. dd. net. 

RICHARDS,— W^\(ZYA.KYYNQ AND BRICKCUTTING. By 

H. W. Richards, Examiner in Brickwork and Masonrylo the City and Guilds 
of London Institute, Head of Building Trades Department, Northern Poly- 
technic Institute, London, N. With over 200 Illustrations. 8vo., y. 6d, 



Scientific Works published by Longmans, Green^ &* Co, 15 



ARCHITECTURE, BUILDING CONSTRUCTION, ETC. -Continued, 

5^Z>Z>6?iV:— BUILDER'S WORK AND THE BUILDING 

TRADES. By Col. H. C. Seddon, R.E. With numerous Illustrations. 
Medium 8vo., 165. 

THOMAS,— THE VENTILATION, HEATING AND 

MANAGEMENT OF CHURCHES AND PUBLIC BUILDINGS. By 
J. W. Thomas, F.I.C, F.C.S. With 25 Illustrations. Crown 8vo., 2j. 6d. 

VALDER,— BOOK OF TABLES, giving the Cubic Contents of 

from One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually 
imported or used in the Building Trades, together with an Appendix showing a 
large number of sizes, the Contents of which may be found by referring to the 
aforesaid Tables. By Thomas Valder. Oblong 4to., &s, net. 

RIYINGTONS' COURSE OF BUILDING CONSTRUCTION. 

NOTES ON BUILDING CONSTRUCTION. Medium 8vo. 
Part I. With 552 Illustrations, gs, net. 
Part II. With 479 Illustrations, 9^. net. 
Part III. Materials. With 188 Illustrations, i8j. net. 
Part IV. Calculations for Building Structures. With 551 

Illustrations, ly. net. 



ELECTRICITY AND MAGNETISM. 

ARRHENIUS.—h TEXT-BOOK OF ELECTROCHEMIS- 
TRY. By Svante Arrhenius, Professor at the University of Stockholm. 
Translated from the German Edition by John McCrae, Ph.D. With 58 
Illustrations. 8vo. , 9J. 6d, net. 

CARUS-WILSOI^.—EUECTViO-iyY'^KMlCS', the Direct- 
Current Motor. By Charles Ashley Carus- Wilson, M.A. Cantab. With 
71 Diagrams, and a Series of Problems, with Answers. Crown 8vo., js. 6d. 

CC/MM/JVG,—EhECTRlClTY TREATED EXPERIMEN- 
TALLY. By LiNNiEUS CuMMiNG, M. A. With 242 Illustrations. Cr. 8vo. , 4J. 6d. 

Z)^ K— EXERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENTS, with Answers. By R. E. Day. i2mo., y. 6d. 

FITZGERALD.— YYLE SCIENTIFIC WRITINGS OF THE 

LATE GEORGE FRANCIS FITZGERALD, Sc.D.. F.R.S., F.R.S.E., 
Fellow of Trinity College, Dublin. Collected and Edited, with an Historical 
Introduction, by Joseph Larmor, Sec.R.S., Fellow of .St. John's College, 
Cambridge. With Portrait. 8vo., 151. 

GORE.—ll'AE ART OF ELECTRO-METALLURGY, including 

all known Processes of Electro- Deposition. By G. Gore, LL.D., KR.S. With 
56 Illustrations. Fcp. 8vo., 6j. 

^^iVZ^^^^-^^iV;— WorksbyJOHNHENDERSON,D.Sc.,F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 

159 Illustrations and Diagrams. Crown 8vo., 6j. (xi. 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 
TRICITY. Crown 8vo., u. 



i6 Scientific Works published by Longmans^ Green^ &> Co. 



ELECTRICITY AND fii/iOHE.T\Sm-ConHnued. 

/^iV'^/iV.— ELECTRICITY AND MAGNETISM. By Fleeming 

Jenkin, F.R.S., M.I.C.E. With 177 Illustrations. Fcp. 8vo., y. 6d. 

/6>C^^^^7:— ELEMENTARY TREATISE ON ELECTRICITY 

AND MAGNETISM. Founded on Joubert's *Trait6 ^16mentaire d'^lec- 
tricit6*. By G. C. Foster, F.R.S., and E. Atkinson, Ph.D. With Illus- 
trations. Crown 8vo. [Nnv Edition in the Press. 

/6>yC£:.— EXAMPLES IN ELECTRICAL ENGINEERING. 

By Samuel Joyce, A.I.E.E. Crown 8vo., 5J. 

MACLEAN AND J/^i?CZr^^r.— ELEMENTARY QUES- 
TIONS IN ELECTRICITY AND MAGNETISM. With Answers. Com- 
piled by Magnus Maclean, D.Sc., M.I.E.E., and E. W. Marchant, D.Sc., 
A.I.E.E. Crown Svo., ij. 

MEJ^J^IEIELD.— MAGNETISM AND DEVIATION OF THE 

COMPASS. By John Merrifield, LL.D., F.R.A.S., iBmo., as. 6d. 

FAJ^J^.— PRACTICAL ELECTRICAL TESTING IN PHYSICS 

AND ELECTRICAL ENGINEERING. By G. D. Aspinall Parr, Assoc. 
M.I.E.E. With 231 Illustrations. Svo., Ss. 6d. 

POVSEJ^.— Works by A. W. POYSER, M.A. 
MAGNETISM AND ELECTRICITY. With 235 Illustrations. 

Crown Svo. , 2j. 6d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 

317 Illustrations. Crown Svo. , 4s. 6d. 

RHODES.— AN ELEMENTARY TREATISE ON ALTER- 
NATING CURRENTS. By W. G. Rhodes, M.Sc. (Vict.), Consulting 
Engineer. With 80 Diagrams. Svo., 7s. 6d. net. 
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218 Illustrations. Fcp. 8vo., 45. 6d, 

DIPLOCK,—K NEW SYSTEM OF HEAVY GOODS TRANS- 
PORT ON COMMON ROADS. By Braham Joseph Diplock. With 
27 Illustrations. 8vo. 

G^(9(9Z>ilf^iV:— MECHANICS APPLIED TO ENGINEERING. 
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Volumes.) Vol. L, with Portrait and a Reminiscence of the Author, a Plates, 
and numerous Illustrations. Crown 8vo., ts. Vol IL, with numerous Illustra- 
tions. Crown 8vo. , 6j. td. 



Scientific ^ Works published by Longmans^ Green^ &* Co. j»i 



WORKS BY RICHARD A. PROCTOR. 
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H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds 
of London Institute, Head of Building Trades Department, Northern Poly- 
technic Institute, London, N. With over 200 Illustrations. Med. 8vo., y. 6d. 

TJ VZOR.—COTTO}^ WEAVING AND DESIGNING. By 

John T. Taylor. With 373 Diagrams. Crown 8vo. , 7s. 6d. net 

WATTS.— k^N INTRODUCTORY MANUAL FOR SUGAR 
GROWERS. By Francis Watts, F.C.S., F.I.C. With 20 Illustrations. 
Crown Bvo. , 6s. 

HEALTH AND HYGIENE, 

^5^^ K— HEALTH IN THE NURSERY. By Henry Ashby, 
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FiELD, M.A., M.D. Fcp. 8vo., is. 6d. 
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CARR, PICK, DO RAN, and DUNCAN— THE PRACTI- 
TIONER'S GUIDE. By J. Walter Carr, M.D. (Lond.), F.R.C.P. ; 
T. Pickering Pick, F.R.C.S. ; Alban H. G. Doran, F.R.C.S. ; Andrew 
Duncan, M.D., B.Sc. (Lend.), F.R.C.S., M.R.C.P. Svo., 21J. net 

CELL/.— MALARIA, ACCORDING TO] THE NEW RE- 
SEARCHES. By Prof. Angelo Celli, Director of the Institute of Hygiene, 
University of Rome. Translated from the Second Italian Edition by John 
Joseph Eyre, M.R.C.P., L.R.C.S. Ireland, D.P.H. Cambridge. With an 
Introduction by Dr. Patrick Manson, Medical Adviser to the Colonial Office. 
Svo., los. 6d, 
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CHEYNE AND BURGHARD,—h MANUAL OF SURGICAL 
TRBiATMENT. By W. Watson Cheyne, C.B.. M.a, F.R.C.S., F.R.S., 
Professor of Surgery in King's College, Lx>ndon, Surgeon to King's College 
Hospital, etc. ; and F. F. Burghard, M.D. and M.S., F.R.C.S., Teacher of 
Practical Surgerv in King's College, London, Surgeon to King's College, 
Hospital (Lond.), etc. 

Part L The Treatment of General Surgical Diseases, including 
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli- 
cations, Infective Diseases and Tumours ; the Administration of Ana&sthetics. 
With 66 Illustrations. Royal 8vo. , xof. 6</. 

Part IL The Treatment of the Surgical Affections of the Tissues, 

including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic 
Vessels and Glands, the Fasciae, Bursae, Muscles, Tendons and Tendon- 
sheaths, Nerves, Arteries and Veins. Deformities. With 141 Illustrations. 
Royal 8vo., 14J. 

Part III. The Treatment of the Surgical Affections of the Bones. 
Amputations. With 100 Illustrations. Royal 8vo., i2j. 

Part IV. The Treatment of the Surgical Affections of the Joints 
(including Excisions) and the Spine. With 138 Illustrations. Royal 8vo. , 14J. 

Part V. The Treatment of the Surgical Affections of the Head, 
Face, Jaws, Lips, Lamyx and Trachea ; and the Intrinsic Diseases of the 
Nose, Ear and Larynx, by H. Lambert Lack, M.D. (Lond.), F.R.C.S., 
Surgeon to the Hospital for Diseases of the Throat, Golden Square, and to 
the Throat and Ear Department, The Children's Hospital, Paddingtoa 
Green. With 145 Illustrations. Royal 8vo., i8j. 

Part VI. Section I. The Treatment of the Surgical Affections of 
the Tongue and Floor of the Mouth, the Pharynx, Neck, CEsophagus, Stomach 
and Intestines. With 124 Illustrations. Royal 8vo. , i8j. 

Section II. The Treatment of the Surgical Affections ot 

the Rectum, Liver, Spleen, Pancreas, Throat, Breast and Genito-urinary 
Organs. With Illustrations. Ro3ral 8vo. [In preparation, 

CL^/^/iTE.— POST-MORTEM EXAMINx\TIONS IN MEDICO- 
LEGAL AND ORDINARY CASES. With Special Chapters on the Legal 
Aspects of Post-mortems, and on Certificates of Death. By J. Jackson 
Clarke, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west London 
and City Orthopaedic Hospitals, etc. Fcp. 8vo. , 2J. 6d. 

COATS.—h MANUAL OF PATHOLOGY. By Joseph 

Coats, M.D., late Professor of Pathology in the University of Glasgow. 
Fourth Edition. Revised throughout and Edited by Lewis R. Sutherland, 
M.D., Professor of Pathology, University of St. Andrews. With Illustrations. 
8vo. [^Xeiv Edition in the press. 

COOKE.— V^ox\is by THOMAS COOKE, F.R.C.S. Eng,, B.A., 
B.Sc, M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 
tions given in the Westminster Hospital Medical School. Eleventh Edition 
in Three Parts, thoroughly brought up to date, and with over 700 Illustra- 
tions from all the best Sources, British and Foreign. Post 4to. 

Part I. The Bones. 75. 6d. net. 

Part II. Limbs, Abdomen, Pelvis. 10s. 6d, net. 

Part III. Head and Neck, Thorax, Brain. 10^. 6d. net. 
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COOJ^E.—Works by THOMAS COOKE (continued). 
APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 Typical vivd voce Questions on Surface Marking, 
etc. Crown Svo., 35, €d, 

DAKIN,—K HANDBOOK OF MIDWIFERY. By William 

Radford Dakin, M.D., F.R.C.P., Obstetric Physician and Lecturer on 
Midwifery at St. George's Hospital, etc. With 394 Illustrations. Large 
crown 8vo. , i8j. 

DICKINSON.^^oxk^ by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With 12 

Plates and 122 Woodcuts. Three Parts. 8vo., ;^3 41. 6d. 

THE TONGUE AS AN INDICATION OF DISEASE: 

being the Lumleian Lectures delivered March, 1888 8vo., ys. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855- 

1896. ' 8vo., I2r. 

MEDICINE OLD AND NEW. An Address Delivered on 
the Occasion of the Opening of the Winter Session, 1899-1900, at St George's 
Hospital Medical School, on 2nd October, 1899. Crown 8vo., 2j. 6d. '. 

DUCKWORTH.— y^oxV% by Sir DYCE DUCKWORTH, M.D., 
LL.D., Fellow and Treasurer of the Royal College of Phy- 
sicians, etc. 

THE SEQUELS OF DISEASE : being the Lumleian Lectures, 

1896. 8va, lor. dd. 

THE INFLUENCE OF CHARACTER AND RIGHT 

JUDGMENT IN MEDICINE : the Harveian Oration, 1898. Post 4to. 
ay. 6<f. 

ERICHSEN.—TYiE SCIENCE AND ART OF SURGERY; 

a Treatise on Surgical Injuries, Diseases, and Operations. By Sir John Eric 
Erichskn, Bart., F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. 
Illustrated by nearly 1000 Engravings on Wood. 2 vols. Royal 8vo., 485. 

FOWLER AND GODLEE.—'YW^ DISEASES OF THE 
LUNGS. By James Kingston Fowler, M.A., M.D., F.R.C.P., Physician 
to the Middlesex Hospital and to the Hospital for Consumption and Diseases 
of the Chest, Brompton, etc. ; and Rickman John Godlee, Honorary Surgeon 
in Ordinary to His Majesty, M.S., F.R.C.S., Fellow and Professor of Clinical 
Surgery, University College, London, etc. With 160 Illustrations. 8vo., 251. 
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GARROD.— Works by Sir ALFRED BARING GARROD, 
M.D., F.R.S., etc. 

A TREATISE ON GOUT AND RHEUMATIC GOUT 

(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., 21 j. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
PEUTICS. Crown 8vo., i2j. 6d. 

GOAjDB v.— THE MYCOLOGY OF THE MOUTH : a Text- 
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.S. (Eng.)» 
D.P.H. (Camb.), L.R.C.P., M.R.C.S., Bacteriologist and Lecturer on Bacteri- 
ology, National Dental Hospital, etc. With 82 Illustrations. 8vo., 8s. 6d. net, 

GOODSALL AND JZ/Z^^".— DISEASES OF THE ANUS AND 

RECTUM. By D. H. Goodsall, F.R.C.S., Senior Surgeon, Metropolitan 
Hospital ; Senior Surgeon, St. Mark's Hospital ; and W. Ernest Miles^ 
F.R.C.S., Assistant Surgeon to the Cancer Hospital, Surgeon (out-patients)» 
to the Gordon Hospital, etc. (In Two Parts.) Part I. With 91 Illustrations* 
8vo., 7J. 6rf. net. 

GRA y.— ANATOMY, DESCRIPTIVE AND SURGICAL. By 

Henry Gray, F.R.S., late Lecturer on Anatomy at St. George's Hospital 
Medical School The Fifteenth Edition Enlarged, edited by T. Pickering 
Pick, F.R.C.S., Consulting Surgeon to St. George's Hospital, etc., and by 
Robert Howden , M. A. , M.B. , C. M. , Professor of Anatomy in the University of 
Durham, etc. With 772 Illustrations, a large proportion of which are Coloured, 
the Arteries being coloured red, the Veins blue, and the Nerves yellow. The 
attachments of the muscles to the bones, in the section on Osteology, are 
also shown in coloured outline. Royal 8vo., 32J. net. 

HALLIBURTON,— Works by W. D. HALLIBURTON, M.D., 
F.R.S., Professor of Physiology in King's College, London. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 

PATHOLOGY. With 104 Illustrations. 8vo., 28J. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 77 

Illustrations. 8vo., 5J. 

LANG,— THE METHODICAL EXAMINATION OF THE 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By William Lang, F.R.C.S. Eng., Surgeon to the Royal 
London Ophthalmic Hospital, Moorfields, etc. With 15 Illustrations. 
Crown 8vo., y. 6d 

ZiZ/^7?:— TEXT-BOOK OF FORENSIC MEDICINE AND 

TOXICOLOGY. By Arthur P. Luff, M.D., B.Sc. (Lond.), Physician 
in Charge of Out- Patients and Lecturer on Medical Jurisprudence and 
Toxicology in St. Mary's Hospital. With 13 full-page Plates (i in colours) and 
33 Illustrations in the Text. 2 vols. Crown 8vo., 245, 
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LIVERPOOL UNIVERSITY PRESS PUBLICATIONS, THE. 
The Thomson Yates Laboratories Reports. Physiology; Path- 
ology; Bacteriology; Tropical Medicine; Hygiene. Edited by Rupert 
BoYCE and C. S. Sherrington. With Plates and Illustrations in the text. 
Demy 4to. Vol I., 1898-9, ioj. 6d. ; Vol. II., 1898-9, 255. ; Vol. III., Part I.,. 
1900, 7s. 6d. ; Vol III., Part 11. , 1901, 12^. 6d. ; Vol. IV., Part I., 1901, 20^. ; 
Vol. IV., Part II., 1902, 2TJ. 

THE LIVERPOOL SCHOOL OF TROPICAL MEDICINE MEMOIRS. 

With Plates and Illustrations in the text. Demy 4*0. 

I. Malarial Fever : Its Cause, Prevention and Treatment. Con- 

taining full details for the use of Travellers, Sportsmen, Soldiers, and Residents 
in Malarious Places. By Ronald Ross, C.B., F.R.S., F.R.C.S. With 
Frontispiece. 8vo., 2s. 6d. 

II. Report of the Malaria Expedition to West Africa, August, 1899^ 
By Ronald Ross, C.B., F.R.S., F.R.C.S., H. E. Annett, M.D., D.P.H. 
and E. E. Austen. With Supplementary Reports by Major G. M. Giles,. 
M.B. and R. Fielding-Ould, M.B. 21s. 

III. Report of the Malaria Expedition to Nigeria. Part I. Ma- 
larial Fever, etc. By H. E. Annett, M.D., J. Everett Dutton, M.B. 
and J. H. Elliott, M.D. io^. 6d. 

IV. Report of the Malaria Expedition to Nigeria. Part II. 
Filariasis. By H. E. Annett, M.D., J. Everett Dutton, M.B. and J. H. 
Elliott, M.D. 15.9. 

V. Part I. First Progress Report of the Campaign against 

Mosquitoes in Sierra Leone (1901). By Ronald Ross, C.B., F.R.C.S.,. 
F.R.S. 8vo.,ij. 
V. Part II. Second Progress Report of the Campaign against 
Mosquitoes in Sierra Leone. By M. Logan Taylor, M.B. 8vo., is. 

VII. Report of the Yellow Fever Expedition to Para (1900). By 
H. E. Durham, M.B., F.R.C.S., and the late Walter Myers, M.B. 
4to., ys. 6d. 

VIII. Report on the Sanitary Conditions of Cape Coast Town^ 
with Suggestions as to Improvement of Same. By M. Logan Taylor,. 
M.B. 8vo., sewed, is. 

IX. Report on Malaria at Ismailia and Suez. By Ronald Ross, 

C.B., F.R.C.S., Professor of Tropical Medicine at University College, 
Liverpool. 8vo., is. 

MISCELLANEOUS. 

Notes on Sanitary Conditions obtaining in Para. By the Members 
OP THE Yellow Fever Expedition. 8vo., is. 

PAG£T.— Edited by STEPHEN PAGET. 

SELECTED ESSAYS AND ADDRESSES. By Sir JAMES 

PAGET. 8vo., I2J. 6d. net. 

MEMOIRS AND LETTERS OF SIR JAMES PAGET, Bart., 

F. R.S., D.C. L. , late Sergeant-Surgeon to Her Majesty Queen Victoria. With 
Portrait. 8vo., 6s. net. 

/!/C^.— SURGERY : a Treatise for Students and Practitioners. 
By T. Pickering Pick, Consulting Surgeon to St. George's Hospital ; Senior 
Surgeon to the Victoria Hospital for Children ; H.M. Inspector of Anatomy in 
England and Wales. With 441 Illustrations. Medium 8vo. , 255. 

POOLE.— COOKERY FOR THE DIABETIC. By W. H. and 

Mrs. Poole. With Preface by Dr. Pavy. Fcap, 8vo., as. 6d. 
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J'ROBYN-WILLIAMS.—K PRACTICAL GUIDE TO THE 

ADMINISTRATION OF ANAESTHETICS. By R. J. Probyn-Williams. 
M.D., Anaesthetist and Instructor in Anaesthetics at the London Hospital; 
Lecturer in Anaesthetics at the London Hospital Medical College, etc. With 
34 Illustrations. Crown 8vo., 4J. td, net. 

<gC7^/iV.-QUAIN'S (Sir Richard) DICTIONARY OF MEDI- 
CINE. By Various Writers. Third Edition. Edited by H. Montague 
Murray, M. D. , F.R.C. P., Joint Lecturer on Medicine, Charing Cross Medical 
School, and Physician to Out-Patients, Charing Cross Hospital ; assisted by 
John Harold, M.B., B.Ch., B.A.O., Physician to St. John's and-St. Elisa- 
beth's Hospital; and W. Cecil Bosanquet, M.A., M.D., M.R.C.P., 
Physician to Out-Patients, Victoria Hospital for Children, Chelsea. With 
31 Plates (14 in Colour) and numerous Illustrations in the Text. 8vo., au. 
net, buckram ; or 30;. net, half-morocco. 

^CM/A^.— QUAIN'S (JONES) ELEMENTS OF ANATOMY. 
The Tenth Edition. Edited by Edward Albert Schafer, F.R.S., Professor 
of Physiology in the University of Edinburgh ; and George Dancer Thane, 
Professor of Anatomy in University College, London. 

Vol. I., Part I. EMBRYOLOGY.: Vol. III., Part II. THE NERVES. 
By E. A. Schafer, F.R.S. With By G. D. Thane. With loa 

200 Illustrations. Royal 8vo. . 91. { Illustrations. Royal 8vo., 9^. 

^^OMYORHT^morV^ Rv f" I ^^^^ "^^ ^^"^ "^- THE ORGANS 

TOMYORHI^OLOGY. ByE. qF THE SENSES. By E. A. 

A. SchXfer, F.RS. With 291 1 SchAfer. F.R.S. With 178 lUus- 

Illustrations. Royal 8vo. , isj. 6rf. trations Roval 8vo or 

Vol. IL, Part I. OSTEOLOGY-.; „ T^ J^^\ll VL. .^.r>r. 

ARTHROLOGY.ByG.D.THANE. I ^^^ "^'A ^^'^^ ^ Y: SPLANCH- 

With 224 lUus. Royal 8vo., lu. ' OOLOGY By E. K Schafer, 

Vol. II. . Part II. MYOLOGY-, I^R.b and Johnson Symington. 

ANGEIOLOGY. By G. D. Thane. " M.D. With 337 Illustrations. Royal 

With 199 Illustrations. Royal Svc, ' ^^o- ^^• 

i6j. : Appendix. SUPERFICIAL AND 

Vol. III., Part I. THE SPINAL I SURGICAL ANATOMY. By 

CORD AND BRAIN. By E. A. I Professor G. D. Thane and Pro- 

Schafer, F.R.S. With 139 Illus- fessor R. J. Godlee, M.S. With 

trations. Royal 8vo., \^. td. ' 29 Illustrations. Royal 8vo., dr. 6^. 

:SCHAFER,—yNox\.% by E. A. SCHAFER, F.R.S., Professor of 
Physiology in the University of Edinburgh. 

THE ESSENTIALS OF HISTOLOGY. Descriptive and 

Practical. For the Use of Students. With 463 Illustrations. 8vo., 9J. net 

DIRECTIONS FOR CLASS WORK IN PRACTICAL 

PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the 
Vascular and Nervous Systems. With 48 Diagrams and 24 pages of plain 
paper at end for Notes. 8vo., 3J. net. 

-SMALE AND C(9Z y^i?.— DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment. By Morton Smale. 
M.R.C.S., L.S.A., L.D.S., Dental Surgeon to St. Ma^'s Hospital. Dean of 
the School, Dental Hospital of London, etc. ; and J. F. Colykr, L.R.C.P., 
M.R.C.S., L.D.S., Dental Surgeon to Charing Cross Hospital and to the 
Dental Hospital of London. Second Edition Revised and Enlarged by J. F. 
•COLYER. With 640 Illustrations. Large crown 8vo., 21J. net. 
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SMITH {H. i^).— THE HANDBOOK FOR MIDWIVES By^ 

Henry Fly Smith. B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Cr. 8vo., sj. 

STEVENSON,— \\OVtilT>^ IN WAR: the Mechanism of their 

Pioduction and their Treatment. By Surgeon-Colonel W. F. Stevenson 
(Army Medical StaflQ, A.B., M.B., M.Ch. Dublin University, Proiessor ol 
Military Surgery, Army Medical School, Netley. With 86 Illustrations. Svo. , i8j. . 

TAPPEINER. — INTRODUCTION TO CHEMICAL 

METHODS OF CLINICAL DIAGNOSIS. By Dr. H. Tappeiner.- 
Professor of Pharmacology and Principal of the Pharmacological Institute of* 
the University of Munich. Translated by Edmond J. McWeeney, M. A. , M. D,. 
(Royal Univ. of Ireland), L.R.C.P.I., etc. Crown 8vo., y. 6rf. 

WALLER,— "^oxY^ by AUGUSTUS D. WALLER, M.D., 
Lecturer on Physiology at St. Mary's Hospital Medical School^ 
London ; late External Examiner at the Victorian University. 

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third 

Edition, Revised. With 314 Illustrations. 8vo., i8j. 

LECTURES ON PHYSIOLOGY. First Series. On Animal 

Electricity. 8vo., 55. net. 



VETERINARY MEDICINE, ETC. 

FITZWYGRAM,—YiO^'^YJ$> AND STABLES. By Lieut. GeneraF. 

Sir F. FiTZWYGRAM, Bart. With 56 pages of Illustrations. 8vo., 35. net. 

STEEL,— Y^oxk^ by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S., 
A.V.D., late Professor of Veterinary Science and Principal of 
Bombay Vetermary College. 

A TREATISE ON THE DISEASES OF THE DOG ; bein^ 

a Manual of Canine Pathology. Especially adapted for the use of Veterinary, 
Practitioners and Students. With 88 Illustrations. Svo. , 105 6d. 

A TREATISE ON THE DISEASES OF THE OX ; being a. 

Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With 2 Plates and 117 Woodcuts. 8vo. 15J. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being. 

a Manual of Ovine Pathology for the use of Veterinary Practitioners andt 
Students. With Coloured Plate and 99 Woodcuts. Svo. , I2J. ' 

YO U A TT.— V^orks by WILLIAM YOUATT. 
THE HORSE. With 52 Wood Engravings. 8vo., yx. 6^.. 
THE DOG. With 33 Wood Engravings. 8vo., 6j. 
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(And see MEDICINE AND SURGERY, page 25.) 
ASIfB K—l^OTES ON PHYSIOLOGY FOR THE USE OF 

STUDENTS PREPARING FOR EXAMINATION. By Henry Ashby, 
M.D. Lond., F.R.C.P., Physician to the General Hospital for Sick Children, 
Manchester; formerly Demonstrator of Physiology, Liverpool School of 
Medicine. With 148 Illustrations. i8mo., 5^. 

BARNETT.—TU^ MAKING OF THE BODY : a Children's 

Book on Anatomy and Physiology. By Mrs. S. A. Barnett. With 113 Illus- 
trations. Crown Svo. , is. 9^. 

BEDDARD.—V^ot)k^ by FRANK E. BEDDARD, M.A. Oxon. 

ELEMENTARY PRACTICAL ZOOLOGY. With 93 Illustra- 
tions. Crown Svo. , 2j. 6rf. 
THE STRUCTURE AND CLASSIFICATION OF BIRDS. 

With 252 Illustrations. Svo., 21J. net. 

BIDGOOD.—k COURSE OF PRACTICAL ELEMENTARY 

BIOLOGY. By John Bidgood, B.Sc., F.L.S. With 226 Illustrations. 
Crown Svo. , 4J. 6</. 

^6^»S^.— RESPONSE IN THE LIVING AND NON-LIVING. 

ByjAGADis Chunder Bose, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presi- 
dency College, Calcutta. With 117 lUustrations. Svo., lar. dd. 
*^ This volume describes experimental investigations on animal, vegetable ana 
inorganic substances regarding their response to stimulus. These researches show that 
ihe effects of fatigue ^ stimulants, depressants and poisons are alike in the organic and 
inorganic ^ and demonstrate that the response phenomena in the ' living' have been 
foreshadowed in the ' non-living'. 

BRODIE. — THE ESSENTIALS OF EXPERIMENTAL 

PI^YSIOLOGY. For the Use of Students. By T. G. Brodie, M.D., 
Lecturer on Physiology, St, Thomas's Hospital Medical School. With 2 
Plates and 177 lUustrations in the Text. Svo., 6j. dd. 

CHAFMAJV.— THE FORAMINIFERA : An Introduction to the 
Study of the Protozoa. By Frederick Chapman, A.L.S., F.R.M.S. 
With 14 Plates and, 42 Illustrations in the Text. Svo., gs. net. 

EC/RJVEAUX.—HVMAN PHYSIOLOGY. By W. Furneaux, 

F.R.G.S. With 21S Illustrations. Crown Svo.. 2s. 6d. 

HUDSON AND GOSSE.—THE ROTIFERA, or * WHEEL- 

ANIMACULES'. By C. T. Hudson, LL.D., and P. H. GossE, F.R.S. 
With 30 Coloured and 4 Uncoloured Plates. In 6 Parts. 4td., xos. 6d. each. 
Supplement izs. 6d. Complete in 2 vols. , with Supplement, 4to. , £/^ 41. 

MACAZ/STEE. — Works by ALEXANDER MACALISTER, 
M.D. 
AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY 

AND MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 
Diagrams. Svo., 10s. 6d. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 

59 Diagrams. Fcp, Svo., is. 6d. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 

Diagrams. Fcp. Svo., is. 6d, 
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MACDOUGAL. — Works by DANIEL TREMBLY MAC- 
DOUGALL, Ph.D., Director of the Laboratories of the New 
York Botanical Garden. 

PRACTICAL TEXT-BOOK OF PLANT PHYSIOLOGY. 

With 159 Illustrations. 8vo., yj. dd. net. 

ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustra- 
tions. Crown 8vo. , y. 

ilf(96>ie^.— ELEMENTARY PHYSIOLOGY. By Benjamin 

Moore, M.A., Lecturer on Physiology at the Charing Cross Hospital Medical 
School. With 125 Illustrations. Crown 8vo. , y. 6d. 

MO/^ G A J\r.— ANIMAL BIOLOGY : an Elementary Text-Book. 
By C. Lloyd Morgan, F.R.S., Principal of University College, Bristol. With 
103 Illustrations. Crown Svo., Ss. 6d. 

SCIfAF£I?,— DIRECTIONS FOR CLASS WORK IN PRAC- 
TICAL PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of 
the Vascular and Nervous Systems. By E. A. Schafer, LL.D., F.R.S.^ 
Professor of Physiology in the University of Edinburgh, With 48 Diagrams. 
8vo., 3J. net. 

THORNTON.— \Noxks by JOHN THORNTON, M.A. 
HUMAN PHYSIOLOGY With 267 Illustrations, some 

Coloured. Crown Svo., 6s. 

ELEMENTARY BIOLOGY, Descriptive and Experimental. 
With numerous Illustrations. Crown Svo., 35. 6d. 



BACTERIOLOGY. 

CURTIS.— THE ESSENTIALS OF PRACTICAL BACTERI- 
OLOGY : An Elementary Laboratory Book for Students and Practitioners. By 
H. J. Curtis, B.S. and M.D. (Lond.),F.R.C.S. With 133 Illustrations. Svo., gj. 

DHINGRA.—AN INTRODUCTION TO BACTERIOLOGY. 

(Specially designed for Indian Medical Students.) By M. L. Dhingra^ 
M.D.D.P.H. 

i^^/^iV^Z^A^Z).— MICRO-ORGANISMS IN WATER. To- 

gether with an Account of the Bacteriological Methods involved in their 
Investigation. Specially designed for the use of those connected with the 
Sanitary Aspects of Water-Supply. By Percy Frankland, Ph.D., B.Sc. 
(Lond.), F.R.S., and Mrs. Percy Frankland. With 2 Plates and Numerous 
Diagrams. Svo., i6j. net. 

FRANKLAND.— BACTERIA IN DAILY LIFE. By Mrs. 
Percy Frankland, F.R.M.S. Crown Sva, y. net. 

GOADBY.—THE MYCOLOGY OF THE MOUTH: A Text- 
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.S. Eng., etc. ; 
Bacteriologist and Lecturer on Bacteriology, National Dental Hospital, etc. 
With S2 Illustrations. Svo., 8j. 6^. net. 
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